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(54) A wiring harness designing method, computer program and system 
(57) [Object] 



To considerably shorten a period 
velop a novel wiring harness. 

[Solution] 



necessary to de~ 



A wiring harness Chip is tfvkted Into a plurality of 
subassemblies Subt to Suba, and 3D shapes of these 



FIG 41 



subassemblies Sub1 to Sub3 are combined and dis- 
played in such a state arranged on a harness assem- 
bling table 216 on a specified display. Display positions 
of the respective subassemblies Subt to Sub3 can be 
arbitrarily moved, for example, In a direction of Z-axis. 
An assembling order or procedure of a plurality of sub- 
assemblies Subt to Sub3 can be easily visually simu- 
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Description 



[0001] The present invention relates to a wiring harness designing method, computer program and system. 
[0002] Generally, wiring harnesses are used as electric wiring in automotive vehicles and electric appliances. Upon 
producing a wiring harness, after a 3D wiring design of the wiring harness for an automotive vehicle, an electrical 
appliance or like wire layout object in which wires are to be laid is made based on mount positions of various parts in 
the wire layout object and the like, the wiring harness is drafted on a two-dimensional (2D) drawing sheet based on a 
result of the 3D wiring design. In accordance with the design of the drafted wiring harness, a plurality of supporting jigs 
2 are mounted on a assembling board 1 as shown in FIG. 14, a plurality of wires are supported by the supporting jigs 
2 while being bundled, and a wiring harness 3 is produced, for example, by tightening the bundled wires by resin tapes. 
[0003] In the case of evaluating a degree of perfection of the thus produced wiring harness 3 in view of the drafted 
design, 2D drawings of a product of an object and the wiring harness are generated and oulputted by means of a 
design assisting system such as a CAD and a designer checks these drawings and points out problems. 
[0004] As an alternative, a trial product of the wiring harness 3 is produced and is actually laid in a wire layout object 
such as an automotive vehicle as shown in FIG. 15 or an electric appliance, and whether or not the design of the wiring 
harness is proper is investigated by checking whether or not the trial product of the wiring harness 3 can be property 
laid in the wire layout object 4. 

[0005] Identified by 5 in FIGS. 14 and 15 are connectors to be connected with various parts. 
[0006] The above method according to which the designer estimates the problems by looking at the drawings has 
a problem that an estimation standard differs depending on the skill of the designer and it is difficult to establish a 
uniform estimation standard. 

[0007] Contrary to this, the latter method according to which the trial product 3 is actually produced and laid in the 
wire layout object 4 is advantageous in satisfactorily pointing out the three-dimensional problems. 
[0008] However, a wiring harness assembling process generally mostly depends on manual operations and, accord- 
ingly, the production of the trial product requires a labor-intensive operation, resulting in huge labor and time to be spent. 
[0009] In the case of an occurrence of any problem such as insufficient dimensions and exertion of an unnatural load 
at a mount angle when the trial product Is mounted In the wire layout object, the design of the wiring harness and the 
production of the trial product have to be redone many times. Thus, quite a large amount of labor and time take in 
investigating whether or not the designed wiring harness can be properly laid (wire layout investigation). As a result, 
a period of development up to the completion of the design disadvantageous^ takes longer. 
[001 0] As mentioned, in the development of a novel wiring harness, a trial product is produced after a trial design is 
made, and the content of the trial design is evaluated to point out problems, which are then solved for an improved 
design. 

[0O111 FIG. 23 is a flow chart showing a comrentionai development method for a wiring harness. Conventionally, as 
shown fn FIG. 23, a preliminary drawing fe drafted to determine a summary of an object in which a wiring harness is 
tobeusedin^DpT1,andc>peratkmsatadeagn and o^velopmcnt stage are performed in ^ep T2. 
[0012] Usual!* trial products a^ 

development stage. At this time, ail parts necessary to produce an actual wiring harness are prepared, assisting jigs 
2 are arranged on an assembling table required for the production as shown in Ra 15V and a skilled worker or a 
research engineer assembles an actual wiring harness 3 as a trial product. 
[00131 During the assembfing operator w^ 
error in the design mie of the wiring harn 

Interference of the assisting jigs 2, etc; ^difficulties during the assembling operation, factors hindering an improved 
productivity and factors hindering an improved quality are pointed out; and a corrected and improved plan is studied 
and determined to remove such hindering factors. After the results of investigating the trial product are reflected on 
the contents of the trial product design, a proAiction preparation stage is entered in Step T4 and a mass production 
stage is entered in Step T5. 

[0014] ConventionaJly, in Step T3, the actual (trial) product is assembled; the productivity- and quality-related hin- 
dering factors at the trial production stage are pointed out; an improvement requirement is presented to a client or an 
internal designing department so that the result of the investigation can be reflected on a next trial production. Thus, 
a large number of operation steps and a longer time (about 1 month) are required to complete and evaluate one triai 
product 

[00151 However, with a growing demand from the client to shorten a development period, it has become impossible 
to secure a sufficient time and a sufficient number of operation steps to produce an actual trial product and evaluate 
it in detail, leading to a delayed trial production process and a reduction in inspection precision. This results in problems 
being carried over to a next trial production process or a reduction in productivity and quality at the mass production 
stage. 

[0016] Moreover, at a trial production stage of a wiring harness, research engineers play a key role to design various 
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operation steps toward a mass production. At the trial production stage, actual trial products are produced and oper- 
ations are inspected, particularly placing great importance on an improvement in assembling of the wiring harness by 
human hands. Trials and errors are made to point out operations which are difficult anoYor have low operability for the 
consideration of an improvement plan at an early stage in order to obtain a high productivity at a mass production 
stage. Since such an improvement plan Is frequently associated with an improvement in the design of the wiring har- 
ness, it is drafted with a view to giving an improvement feedback to the design at an early stage. 
[0017] As a preparation prior to the trial production, in a flow chart of FIG. 46, research engineers design drafts a 
full-size drawing in Step S202 after designing a wiring harness in Step S201 , and produce and study a production 
planning information such as an initial schedule and the number of harnesses planed to be produced, a producing 
factory information including the type of existing facilities, manufacturing system standards and producing abilities at 
factory facilities while looking at the full-size drawing. Thereafter, separate designing of first subassemblies is drafted 
in Step S204, and a specific mass production line is designed in Step S205. 

[0018] As shown in FIG. 47, the subassemblies (subassemblies 1, 2, ...n In FIG. 48) separately designed in Step 
S204 are intermediate products produced at an intermediate stage as small-size components of a wiring harness 2 
(final harness product in FIG. 48). The wiring harnesses 2 are normally designed for the respective sections of auto- 
motive vehicles such as engines and doors, and mass-produced. The final product of the wiring harness 2 as an 
assembly of these sections is an aggregate of a plurality of kinds of parts including wires (e.g. 100 to 150 wires), 
covering parts (e.g. dozens to several hundred covering parts) such as protectors, covers and tapes, and these wires 
and the covering parts are cut and connected (arrow 4). In order to efficiently assemble the plurality of these parts 3, 
a method is adopted according to which a plurality of small-size minor harnesses are produced beforehand by a spec^ 
ified or automatic machine 5 or by assembling 6 by human hands and these minor harnesses are successively arranged 
and combined on a harness assembling table. A plurality of these small-size minor harnesses are referred to as sub- 
assemblies 1 . ft should be noted that wires 7 and parts 8 which are not included in the subassemblies 1 in FIGS 47 
and 48 are independent parts 9 which are independently connected separately from the subassemblies 1 to form the 
wiring harness (final harness product) 2. 

P»19J A procedure of the separate designing of the subassembly in Step S204 is summarily shown in FIG. 49. After 
a harness design information is (Obtained from a production designing system (HIS) as a software program of a computer 
in Step S211 , wires and connectors forming the wiring harness are outputted while being converted into a matrix table 
as shown in FIG. 50 based on the harness design Information in Step S212. An operation of grouping and sampling 
forms (aggregates) such as a subassembly t shown by lain FIG. 51A and a subassembly 2 shown by lb in FIG. 51B 
(Step S2t3) is repeated while the outputted matrix taWe is being looked at At this time, the separate operations are 
repeated formalization in consideration of matters that require attention such as whether or not the subassemblies 
have sizes easy to handle by workers, whether or not a terminal first Insertion rate is at maximum, and whether or not 
the wire laying operation can be smoothly performed, and the division of the subassemblies is completed when these 
operations are ended. 

[0020] However, simx* sue* operations a^ 

table (see Step S212) on paper, the result of the ctesigning needs to r» verified 
PMWJ When the separate designing of the subassemblies c* Step S204 is 

parts 3 are actually prepared as shown in Fl& 47 and m^ are actually produced. Further, a harness 

assembling table used to assembte an actual wiring hatross is manufa^ 

full-size design (see Step S202 in FIG. 46) to investigate an assembling operation. This harness assembling table is 
usiialVcailed-drawmgbo 

to the upper surface of the table to arrange a wiring harness. 
P022] Atthistin^,anonlerofusingtte 

assembling table are determined beforehand in accordance with an IE (industrial engineering) based theory; an as- 
semWngoperatkMt is performed^ 

procedure; artdcjperability is inspected and improved, placing great Importance on matters to be investigated in terms 
of a wire laying operability and an operation procedure as listed in TABLE-t below. 



TABLE-1 



I MATTERS TO BE INVESTIGATED 


CONFIRMATION POINTS 


REMEDIES 




- Any unnecessary operation when 
an operator handles subassemblies 


Make subassemblies smaller or 
change the forms thereof to increase 
a first insertion rate ] 
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MATTERS TO BE INVESTIGATED 


CONFIRMATION POINTS 


I REMEDIES ~1 


Wire Laying Operability 


- Subassemblies can be smoothly 
laid in one direction (from left side to 
right side on board) 


Correct the desians of the 
subassemblies to conform to a layout 
of the board 




- Many overlapping wire laying 
operations 


Reconsider and optimize the forms of 
all the subassemblies 


Operation procedure 


- Any unnecessary operation 
between operation steps 


Reconsider and change the operation 
procedure 



[0023] Here, confirmation points concerning the wire laying operability include whether or not there is any unneces- 
sary operation while a worker is handling the subassemblies 1 , whether or not the wires can be laid in one direction 
i.e. in a direction from left side toward right side on the harness assembling table, and whether or not there are many 
overlapping wire laying operations. Further, concerning the operation procedure, investigation is made as to whether 
there is any unnecessary operation between the operation steps. Remedies for the found-out problems shown in the 
column of "Remedies* in TABLE-1 are studied. 

P»24J By repeatedly producing actual trial products in this way, improvements can be made toward a better opera- 
bility at the trial production stage, thereby enhancing a degree of perfection in designing the operation steps. The 
remedies proposed at this time include those related to the divided forms of the subassemblies and those accompanied 
by design changes. A design changing plan is immediately put into shape and a feedback is given to the designing 
department for improvements. 

fWnsi After the aforementioned process is securely carried out to prepare an production environment for actual 
products, actual products are assembled and productivity- and quality-related hindering factors at the trial production 
stage are pointed out and, then, an improvement requirement is presented to a client or an internal designing depart- 
ment so that the result of the investigation can be reflected on a next trial production. Thus, a large number of operation 
steps and a longer time (about 1 month) are required to complete and evaluate one trial product. 
[0026] However, since a plurality of trial products of the subassemblies have been produced and evaluated in detail 
despite a growing demand from the client to shorten a development period, it has been becoming impossible to secure 
a sufficient time and a sufficient number of operation steps to do so, leading to a delayed trial production process and 
a reduction in inspection precision. This results in problems being carried over to a next trial production process or a 
reduction In productivity and qualfty at the mass production stage. 

[00271 In view of the above probterr^ an objert harness designing 

method, computer program and system improving the flexibility of design, in particular enabling a reduction in the 
arnoumofoperatior»macteto^ 

level at an earlier stage and reducing the number of trial product prodt*^ 
steps for that process. 

[0028] Trtis object is sofcedacxordir^ Preferred embodiments of the 

invention sxf& subject of the dependent claims. 
[0O29J Accordingtotheirrvenfo^ 

afull-ske design data general 

Into a plurality of subassemblies based on a fulkaze design information assuming an arrangement of the wiring 
harness on a harness assembling table, generating a full-size design data including a subassembly information 
defining 3D shapes of the respects 
fun-size design data in a computer system, and 

a 3D shape displaying step of combining and displaying the 3D shapes of the plurality of subassemblies on a 
specified display in such a state arranged on the harness assembling table in a virtual 3D space of the computer 
system based on the subassembly information generated in the full-size design data generating step. 

[0030J Accordingly, the wires and the other parts forming the wiring harness as a final product are divided into a 
plurality of subassemblies, the full-size design data including the subassembly information defining 3D shapes of the 
respective subassemblies and of the components thereof is generated, and the generated full-size design data is 
inputted in the computer system or retrieved by the computer system in the full-size design data generating step; and 
the 3D shapes of the plurality of subassemblies are combined and displayed on the specified display in such a state 
arranged on the harness assembling table in the 3D shape displaying step. Thus, it is not necessary to design and 
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investigate the wiring harness by producing actual trial products of the subassemblies. Therefore, a period necessary 
to develop a novel wiring harness can be considerably shortened, and a degree of perfection of the design plan can 
be improved at an earlier stage than before. 

[0031] According to a preferred embodiment of the invention, 3D shapes of the respective subassemblies are made 
arbitrarily movable in one specified direction on the harness assembling table. 

[0032] Accordingly, since the 3D shapes of the respective subassemblies are made arbitrarily movable in the spec- 
ified one direction on the harness assembling table, the subassembly assembling order can be so displayed as to be 
understandable at a glance by arbitrarily moving the display position of the subassembly in one direction in accordance 
with the subassembly assembling order. 

[0033] Preferably, a plurality of wires bundled in each subassembly are individually displayed and all the wires and 
other parts of the same subassembly are displayed In the same display color In the 3D shape displaying step. 
[0034] Accordingly, since a plurality of wires bundled in each subassembly are individually displayed and all the wires 
and other parts of the same subassembly are displayed in the same display color in the 3D shape displaying step, the 
drrTerent subassemblies can be easily distinguishabry displayed while specifically displaying the wires one by one. 
[0035] Preferably, a plurality of wires bundled in each subassembly are collectively displayed as an aggregate of the 
wires in the 3D shape displaying step. 

[0036] Accordingly, since a plurality of wires bundled in each subassembly are collectively displayed as an aggregate 
of the wires in the 3D shape displaying step, the drfferent subassemblies can be easily distinguishabry displayed 
[0037] Further preferably, an Individual display mode in which a plurality of wires bundled in each subassembly are 
individual Jy displayed and all the wires and other parts of the same subassembly are displayed in the same display 
color, and a collective display mode in which a plurality of wires bundled in each subassembly are collectively displayed 
as an aggregate of the wires are made selective using a specified selection menu in the 3D shape displaying step 
[0038] Accordingly, since the individual display mode and the collective display mode are made selective using the 
specified selection menu, two modes which enable the easy distinguishment of the subassemblies can be freely 
changed accortfing to the preference of the operator. 

[0039] Still further preferably, an on-the-board assembling procedure information defining a procedure of assembling 
the plurality of subassemblies on the harness assembling table is Inputted between the full-size design data generating 
step and the 3D shape displaying step, and/or 

an operation of assembling the plurality of subassemblies is represented and displayed by moving images on an 
imageof the harness assembling table arranged in having a virtual 3D shape in accordance with the procedure defined 
by the on-the-board assembling Information in the 3D shape displaying step. 

[0040] Acconfingry the on-the-board assembling procedure information defining the procedure of assembling the 
plurality of subassemblies on the harness assembling table is inputted between the full-size design data generating 
step and the 3D shape displaying step, and the c>peration erf assembling the plurality ot^ 
and cfisplayed by moving images 

with the procefkire defined by the on-the-board assembling information in the 3D shape displaying step. Thus, the 
operation process on the harness assembling table can be understood as if a were actually performed, and such a 
virtual process can be iised to study improvements in the operation for a better operation efficiency. Therefore a 
piura%ofpeopteinchar^ 

procedure is optima* and improve if necessary As a result an optimal producing procedure can be decided sooner 
[00411 Most preferably, a subassembly assenting procedure 

respective wires and the other parts forming the respective subassemblies is inputted between the full-size design 
data generating step and the 3D shape displaying step, and 

an operation of assembling the respective wires and the other parts is represented and displayed by moving 
images in accordance with the procedures defined by the subassembly assembling information In the 3D shape dis- 
playing step. 

[0042] Acconfingry, the subassembly assembling procedure information defining procedures of assembling the re- 
spective wires and the other parts forming the respective subassemblies is inputted between the fulkrize design data 
generating step and the 3D shape displaying step, and the operation of assembling the respective wires and the other 
parts is represented and displayed by moving images in accordance with the procedures defined by the subassembly 
assembling information in the 3D shape displaying step. Thus, the process of forming the subassemblies can be un- 
derstood as if they were actually formed, aiKl such a virtual process can to 

for a better operation efficiency Therefore, a plurality of people in charge can objectively inspect whether or not the 
design plan for the subassembly assembling procedure is optimal and improve if necessary. As a result, an optimal 
producing procedure can be decided sooner. 

[0043] According to the invention, there is further provided a wiring harness designing method tor designing a wiring 
harness, in particular according to the invention or an embodiment thereof, by displaying a harness design data which 
is or represents a 3D design data of the wiring harness in a virtual 3D space displayed on a display means, comprising 
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the steps of: 

preparing the harness design data, 

preparing an accessory data which is a 3D design data of one or more accessories to be mounted on the wiring 
harness, and 

causing a computer to display the harness design data and the accessory data in the virtual 3D space displayed 
on the display device or means In response to an instruction inputted to the computer via an input means, and 
attaching or combining the accessory data to or with the harness design data by changing a positional relationship 
of at least these data in the virtual 3D space. 

[0044] Thus, there is provided a wiring harness designing system which enables a more efficient designing operation 
and the like. In fact, the process of mounting the accessories on the wiring harness can be virtually simulated in the 
virtual 3D space of the computer using the harness design data of the wiring harness and the accessory data of the 
accessories, and the simulation result can be immediately reflected on the contents of the design of the wiring harness. 
As a result, the operation of designing the wiring harness and the like can be made more efficient 
[0045] Accordi ng to a preferred embodiment of the invention , the accessory data i nctudes a covering part data which 
is a 3D data of one or more covering parts to be mounted on the wiring harness, and 

[0046] in the step of attaching or combining the accessory data to or with the harness design data, the computer is 
caused, in response to an instruction inputted thereto via the input means, to cause the computer to change a positional 
relationship between the harness design date and the covering part data in the virtual 3D space and to change the 
shape of a wire path of at least a section of the harness design data, thereby attaching or combining the covering part 
data to or wfth the harness design data. 

[0047] Accordingly, the process of mounting the covering parts on the wiring harness can be easily simulated in the 
computer. 

[0048] Preferably, the accessory data Includes an electrical connection means data which Is a 3D data of one or 
more electrical connection means to be connected with the wiring harness, and 

In the step of attaching or combining the accessory data to or with the harness design data, the computer is 
caused, in response to an instruction inputted thereto via the input means, to cause the computer to change a positional 
relationship between the harness design data and the etectrical connection means data In the virtual 3D space and to 
change the shape of a wire path of at least a section of the harness design data, thereby attaching or combining the 
electrical connection means data to or wfth the harness design data. 

[0049] Accordingly, the process of connecting the electrical connection means with the wiring harness can be easily 

simulated in the computer 

100501 Preferably, a plural of ham 

during a process of attaching or combining the accessory data to or wfth the harness design data are stored in the 
computer in the step of attaching the accessory date to the harness design da^ 

the wiring harness designing method further comprises the step of causing the computer to successively display 
the plurality of harness design data and accessory data stored in the computer via the display means in an order 
conforming to the attaching process* 
[0051] Accordingly^ plural 

during the process of attaching the accessory date to the harness des^ 
displayed on the cfispiay d 
accessories on the wWngham^ 

data switehingly displayed at the respei^ stages the attaching process in mis 
[0052] Further, In the step of attach 

caused to detect an interference of the accessory date wim a stnictum 
be an obstacle totrie attachment or co^ 
upon detecting such an interference. 

[0063] Accordingly, if the accessory data interferes with the structure data which becomes an obstacle when the 

accessory data is attached to the harness design data in the virtual 3D space, such an Interference is automatically 

detected and notified by the computer. Thus, the obstacles and the like that hinder the mounting of the accessories 

on the wiring harness can be easily found out by the simulation and can be dealt with in advance. 

[0054] Preferably, a plurality of constraint points fixed at positions in the virtual 3D space can be set in the harness 

design data design data by inputting an instruction to the computer via the input means, and 

[0055] if a section of the harness design date is r^ 

to the computer via the input device such that a distance between the section of the harness design date and the 
constraint point in the virtual 3D space becomes longer than a length of a wire path between this section and the 
constraint point, the computer preferably is caused to create a lacking portion in the wire path between the section of 
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the harness design data and the constraint point and to image-display the lacking portion via the display means. 
[0056] Accordingly, if the section of the harness design data is moved in the virtual 3D space such that the distance 
between this section and the constraint point of the harness design data in the virtual 3D space becomes longer than 
the length of the wire path between this section and the constraint point, the lacking portion representing an insufficient 
length of the wire path between that section and the constraint point is Image-displayed as a notification. Thus, the 
sections of the harness design data having insufficient lengths can be easily confirmed. 

[0057] Preferably, a plurality of constraint points fixed at positions in the virtual 3D space can be set in the harness 
design data design data by inputting an instruction to the computer via the input means, and 

if the length of a wire path between the constraint points of the harness design data is so changed as to be shorter 
than a distance between the constraint points in the virtual 3D space in response to an instruction inputted to the 
computer via the inputmeans or retrieved from the computer, the computer is caused to create a lacking portion in the 
wire path between the constraint points and to image-display the lacking portion via the display means. 
[0058J Accordingly, if the length of the wire path between the constraint points of the harness design data in the 
virtual 3D space is so changed as to be shorter than the distance between theconstraint points in the virtual 3D space 
the tacking portion representing an insufficient length of the wire path between these constraint points is image-dis- 
played as a notification. Thus, the sections of the harness design data having insufficient lengths can be easily con- 
firmed According to the invention, there is further provided a computer-readable storage medium storing thereon a 
computer program, which comprises computer-readable program means for causing a computer to control an execution 
of a wiring harness designing method according to the invention or an embodiment thereof. 
[0059] According to the invention, there is further provided a computer program product comprising a computer 
readable medium, having thereon computer program code means, when said program is loaded, to make the computer 
execute a 3D virtual assembling method according to the invention or an embodiment thereof. 
[0060] According to the invention, there is further provided a wiring harness designing or layout system, comprising 
a computer which: 

generates a fulkaze design data, wherein the computerdivides wires and other parts forming a wiring harness as 
a final product into a plurality of subassemblies based on a full-size design information assuming an arrangement 
of the wiring harness on a harness assembling table, generates a full-size design data including a subassembly 
information defining 3D shapes of the respective subassemblies and of the components thereof, and 
displays a 3D shape, wherein the computer combines and displays the 3D shapes of the plurality of subassemblies 
on a s pecified cfisptey in such a state arranged on the harness assembling table in a virtual 3D space of the 
computer system based on the subassembly information generated in connection with the full-size design data 



35 [00611 Accordtogtothe invention, there isfurther provided a wiring harness designing system, in particular according 

to dasn t6, tor designing a wiring harness by displaying a harness design data which represents a 3D design data of 

thewiringhan^lnavf^ 

the harness design data and an accessory data are obtained by the como^^ 

or more accessories to be mounted on the wiring harness, 
40 wherein me computer ols^ 

cfisptey means in response to an tostnjctton injwtt^ 

arrt attaches or cornbinestte 

of at least these data in the virtual 3D space. 

[0062] Accortfrtgtoaprelemrfernbo^ 
45 is a 3D date clone or rnore covering parts to be mo 

wherein the computer is caused, in response to an instruction is inputted thereto via the input means, when 

attaching or combining to 

tween the harness design data and the covering part data in the virtual 3D space and to change the shape of a wire 

path of at least a section of the harness ofesign data, thereby attac^^ 
so the harness design data, andtor 

wherein the accessory data includes an electrical connection means data which is a 3D data of one or more 

electrical connection means to be connected with the wiring harness, and 

wherein thecomputerfecaused, in response to an instruction inputted thereto via the input means, when attaching 

or combining the accessory data to or with the harness design data to change a positional relationship between the 
55 harness design data arrt the electrical connection means data in the virtual 3D space and to change the shape of a 

wire path of at least a section of the harness design data, thereby attaching or combining the electrical connection 

means data to or with the harness design data. 

[0063] These and other objects, features and advantages of the present invention will become more apparent upon 
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reading of the following detailed description of preferred embodiments and accompanying drawings. It should be un- 
derstood that even though embodiments are separately described, single features thereof may be combined to addi- 
tional embodiments. 

FIG. 1 is a block diagram showing a hardware construction of a 3D virtual assembling system or wiring harness 
designing system according to one preferred embodiment of the invention, 

FIG. 2 Is a flow chart showing a 3D virtual assembling method according to one embodiment of the invention, 
FIG. 3 is a diagram showing an image represented by a 2D data, 
FIG. 4 is a diagram showing a wire model in a 3D space, 

FIG. 5 is a diagram showing a state where a wire is divided into a plurality of wire segments, 
FIG. 6 Is a graph showing a vector information of the wire segment, 

FIG. 7 is a diagram showing a state where two wire segments are continuously connected with each other, 
FIG. 8 is a graph showing a curved state of the wire, 

FIG. 9 Is a diagram showing a state where covering part segments are used instead of the wire segments, 
FIG. 10 Is a diagram showing a state where surface lines are drawn on the outer circumferential surfaces' of the 
respective wire segments, 

FIG. 11 Is a diagram showing a state where the wire is twisted with the surface lines drawn on the outer circum- 
ferential surfaces of the respective wire segments, 

FIG. 12 Is a diagram showing a case where the wire is found out to be excessively long, 

FIG. 13 is a diagram showing a case where a branch wire is found out to be drawn out in an opposite direction, 

FIG. 14 is a diagram showing an operation of producing a wiring harness on a assembling board, 

FIG. 15 is a diagram virtually showing a state where a wiring harness is laid in a three^imensional manner in a 

wire layout object 

FIG. 16 is a flow chart showing a method for designing a wiring harness assembling table according to one em- 
bodiment of the invention, 

FIG. 17 is a diagram showing a wiring harness, accessories and assisting jigs in a 2D plane, 

FIG. 18 is a diagram showing a 3D shape of a wiring harness developed In a 3D space, 

FIG. 1 9 is a perspective diagram showing the 3D shape of a connector as an accessory, 

RG. 20 is a diagram showing a 3D shape developed in the 3D space in which accessories are connected with the 

wiring harness* 

FIG. 21 is a cfiagram showing a state where an assembling table and assisting jigs are displayed together, 

FIG. 22 is a flow chart showing an overall designing flow of an object to which the wiring harness assembling table 

designing method according to the embodiment of the invention is applied, 

FIG. 23 is a flow chart showing an overall conventional designing flow of an application object, 

FIG. 24 Is a flow chart showing a summary of a method for designing a wiring harness according to one embodiment 

of the invention, 

FIG. 25 is a cfiagram showing a retrieval tree structure showing a subassembly information, 

FIG. 26 is a diagram showing a retationship between a subassembly assembling procedure information and other 

databases) 

FIG. 27 is a cfiagram showing a relationship between an 
other databases, 

FIG. 28 fe a cfiagram showing an exemplary subassembly, 
FIG. 29 Is a perspective view showing a subassembly assembling site, 
FIG. 38 is a perspective view showing a subassembly assembling operation, 
FIG. 3t Is a perspective view showing a subassembly assembling operation, 
FIG. 32 is a perspective view showing a subassembly assembling operation, 

FIG. 33 is a perspective view showing a state where subassemblies are arranged on a harness assembling table 
to form a wiring harness, 

FIG. 34 is a perspective view showing the harness assembling table, 

FIG. 36 is a perspective view showing an operation of arranging subassemblies on the harness assembling table, 
FIG. 36 is a perspective view showing the operation of arranging subassemblies on the harness assembling table! 
FIG. 37 is a perspective view showing the operation of arranging subassemblies on the harness assembling table' 
Fia 38 is a perspective view showing a state where the wiring harness is formed by arranging the subassemblies 
on the harness assembling table, 

FIG. 39 is a perspective view showing the subassembly assembling operation, 
FIG. 40 is a perspective view showing the subassembly assembling operation, 

FIG. 41 Is a perspective view showing a state where a subassembly assembling procedure is displayed on a display, 
FIG. 42 is a perspective view showing a state where the subassembly assembling procedure is displayed on the 
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display, 

FIG. 43 is a diagram showing an example of the subassembly, 
FIG. 44 is a diagram showing another example of the subassembly, 

FIG. 45 is a flow chart showing the wiring harness designing method according to the embodiment of the invention 

FIG. 46 is a flow chart showing a general wiring harness designing method, 

FIG. 47 is a flow diagram showing a general wiring harness producing method, 

FIG. 48 is a diagram showing a construction of a wiring harness of a plurality of subassemblies, 

FIG. 49 is a flow chart showing a general subassembly designing method, 

FIG. 50 is a matrix table showing a connection relationship between wires and connectors of a subassembly 

FIG. 51 A is a diagram of an example of the subassembly, 

FIG. 51 B Is a diagram showing another example of the subassembly. 

FIG. 52 is a diagram showing a data configuration of a harness design data, 

FIG. 53 Is a perspective view showing a harness design data of a display mode developed In a plane, 

FIG. 54 is a diagram showing a harness design data of a display mode corresponding a layout in a vehicle body 

FIG. 55 is a perspective view showing a state where the length of a section of the harness design data of FIG 53 

is changed, 

FIG. 56 is a diagram showing a state where the length of a section of the harness design data is increased or 
decreased by increasing or decreasing the number of the wire segments in this section, 
FIG. 57 is a diagram showing a state where the length and path shape of a section of the harness design data of 
FIG. 54 are changed, 

FIG. 58 is a flow chart showing a process of designing a wiring harness assembling board and a wiring harness 
by the wiring harness designing method according to a further preferred embodiment, 
FIG. 59 is a flow chart showing a virtual layout process according to the wiring harness designing method of the 
preferred embodiment, 

FIG. 60 is a diagram showing a 3D design data of a display mode developed in a plane, 

FIG. 61 is a diagram showing a 3D design data of a display mode corresponding to a layout in a vehicle body, 

FIG. 62 is a diagram showing a data configuration of the 3D design data, 

FIGS. 63(a) to 63(c) am diagrarre showing M of a shape transitioning process 

FIG. 64 is a table showing a stored format of the 3D design data when being stored as a database, 
FIG. 65 is a perspective view of a harness design data according to a further preferred embodiment developed in 
a plane, 

FIG. 66 is a diagram showing an accessory data of a protector, 

Ra 67 is a flow chart showing a process of virtually mounting a protector on a wiring harness, 
Fia 68 is a perspective view showing the process of virtually mounting the protector on the wiring harness 
FIG. 69 is a perspective view showing the process of virtually mounting the protector on the wiring harness! 
FIG. 70 is a perspective view showing the process of virtually mounting the protector on the wiring harness, 
Fia 71 is a diagram showing the process of virtually mounting the protector on the wiring harness, 
Ra 72 isa perspective view showing the process of virtiialry mourning th^ 
Fia73isadiaojamshowfogtrteprott^ 
Ra 74«ao1aojam6howfr^tr»r!af^ 

Ra 75 is a diagram showing the harness design data of another form to be laW In a ^ 
Ra 76 is a diagram lowing a process c^vir^ 

[0064] A 3D virtual assembling system according to one preferred ernbodvnent of the present invention can detect 
incornpatibie points GrtcompatJbJe contents) on a designed wiring harness by generating a 3D digital data (hereinafter 
■3D design data") representing the shape of the designed wiring harness, tmage-dispiaying a 3D digital data (herein^ 
after, -reference layout data">of a wiring harness layout path in a product (wire layout object) in which the wiring harness 
is to be mounted, and superimposing the 3D design image on the image-displayed reference layout data while posi- 
tioning the 3D design data and deforming curves and the like for a virtual comparison. 

<Overall Construction of the 3D Virtual Assembling or Wiring Harness Designing System> 

[00651 Ra 1 is a diagram showing the 3D virtual assembling system or wiring harness designing system according 
to one preferred embodiment of the present invention. As shown in FIG. t , this 3D virtual assembling system is provided 
as hardware sources, with a display device (display means) such as a CRT display, input devices 14 including a key^ 
board 12 and a mouse 13, a storage device 15 such as a hard disk drive, and a computer main body (control means) 
16 including a CPU and a main memory. In the storage device 15 is stored a software program specifying a procedure 
of an operation of the CPU of the computer main body 16 using various data stored in the storage device 15 in accord- 
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ance with an input made by means of the input device 14. 

[0066] Although not shown , in addition to the above input devices 1 4, a medium reader for reading a storage medium 
such as a magnetic disk, CD-ROM, floppy disk, DVD, magneto-optical dtek, or the like and a communication device 
for receiving a data by means of communication via a communication network such as LAN (local area network) can 
be, for example, used as the data input means for inputting data. 

[0067] By using these hardware sources 11 to 16 in combination, operation steps of a 3D virtual assembling method 
shown in atlow chart of FIG. 2 are or can be successively performed. Such operation steps are preferably implemented 
by the software program stored in the storage device 15 beforehand. 



<3D Virtual Assembling Method> 



[0068] The reference layout data is inputted to or retrieved by the computer main body 16 preferably beforehand 
[0069] Here, the reference layout data is an electronic data (3D electronic data) of a 3D layout of the wiring harness 
in a 3D space modeling the wire layout object. For example, the 3D layout of the wiring harness is designed beforehand 
for a wire layout object such as an automotive vehicle or an electric appliance based on, e.g. the mount positions of 
various parts in the wire layout object; a coordinate iriforrnation on the shape of the wiring harness in the 3D space at 
that time and a coordinate information of various parts to be mounted on the wiring harness are generated Into a 3D 
electronic data as a 3D drawing using a design asststirig software program 

Is inputted to the computer main body 1 6 and stored in the storage device 15 (see FIG. 1 ). A CAD software program 
used here may be Implemented on the same equipment e.g. on the computer main body 1 6 and the data on the shape 
of the wiring harness 3 in mis case rraiyte Inputted or obtained by means of the input devices 14 

or otherwise retrieved or inputted. Alternatively, the 3D electronic data generated in the other CAD system may be 
transferred to the computer main body 1 6 via communication or a specified storage medium such as a magnetic disk. 
CD-ROM, floppy disk, DVD, magneto-optical disk, or the like. 

(Step St) 3D Design Data Inputting Step 

[0070] Hero, the3D design data is an electronic data representing coordinates of a 2D electronic data used to produce 
a wiring harness on a two-dimensional assembling board 1 in the 3D space. 

[0OT1J First, Id Step SI of FIG. 2, after tfmensions such as lengths between the branched portions of the wiring 
harness 3 and the mount positions of connectors are designed based on the above 3D drawing, the 2D drawing (plan) 
of the wiring harness 3 is generated in the form of a 2D electronic data using a design assisting software program such 
as a CAD, considering the product j n FIG. 14, and the 

generated 2D electronic data is inputted to the computer main body 16. 

[0072] Neat, inthecomputer main body 16» a coordinate axis (z-axis) normalto a coordinate plane of the inputted 

2D electron* data is added toe* 

data in trie storage aevte 15, 

the input devices t4. AlternatweJ* the 3D 

the computer main body t6 via amrmmfcatim 

floppy disk, DVD, rnagneto-optic^cfek, orthelike. 

[0073] Here, pieces of iriforrnation to be Inputted as the 2D data include a 2D coordinate information of nodes nOI 
to n20fbr specifying, the shaped the respective wires forming the wiring h as shown 

in FIG. 3, a wire link information on Orte of tr« respective r^ 
r14 of the wires linking the nodes nOI to n20i 
[00741 Further, In oro^toenabte 

data deforming step to be described later, each wte2t having a cerrterw 

cfivkted along its longitudinal direction into a piurafity of short wire segments 22 having a length V as shown in FIG. 
5, aj^ the length^ of the respective wiro respective 
wires 21 aro deformed wim the wte 

mm, preferably about 1 0 mm. The respective wire segments may be equal or different. The wires 21 having a length 
L are finely divided Into a piurafity of short wire segments 22. 

[0075] Further, a weight data of a plurality of wires forming the wiring harness 3 is also inputted (as described later) 
This weight data is a parameter representing a o^giro of difficulty to d 

design data deforming step to be described later. The larger the value of the weight data, the more difficult to move 
the wire when deforming it Further, for a deformation to curve the wire, as the value of the weight data increases, the 
wire is more likely to be curved In Its entirety instead of being deformed only at a point of deformation. Such a weight 
data is empirically obtained according to the diameters of the wires and other factors. The weight data may result from 
experiments and/or simulation of the deformation or bending properties or capability of the wires 21 , in particular de- 
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pending on the wire's specifications (such as material, cross-section. Structure, coating, etc.). In particular, when the 
wire 21 is stiffer or more rigid or more difficult to bend the segmentation length or the length 'a' of the wire segments 
22 is chosen to be longer while when the wire 21 is softer or easier to bend the segmentation length or the length "a" 
of the wire segments 22 is chosen to be shorter. 

(Step S2) Reference Layout Data Image-Displaying Step 

[0076] In Step S2, the reference layout data inputted beforehand is plotted in a virtual 3D space to be three-dimen- 
stonally displayed on the display device 11. In this virtual 3D space (as a 2D projection on the display means 11 or as 
a 3D virtual imaging technique e.g. based on a red/green display necessitating corresponding eyeglasses), a virtual 
viewpoint can be changed, for example, in accordance with an operation of the input device 14 such as the mouse 13. 
[00771 This reference layout data represents a background image when the 3D design data is displayed in a manner 
as described later. In order to distinguish this data from the 3D design data, the virtual 3D display of the wiring harness 
3 specified by the reference layout data is made, for example, in achromatic color. 

(Step S3) 3D Design Data Displaying Step 

[00781 Ne^ in Step S3, the 3D design data inputted in Step S1 is displayed on the reference layout data already 
Image-displayed In Step 2 In the 3D space in a superimposed manner. 

[0079] Here, in general shape representation by the 3D design data, the individual wires 21 or the respective wire 
segments 22 of an aggregate of a plurality of wires (wire bundle) are represented, for example, using cylindrical shapes 
as shown in FIGS. 4 and 6. However, the wires 21 may be represented using other shapes, such as a shape having 
a square, rectangular, elliptic or other cross section. 

[0080] Specifically, as shown in FIG. 6, a vector S extending in a direction passing the center of a cylinder and having 
a length is defined for a (fata of the wire segment 22 having a length "a". The vector S can specify a single absolute 
position and a twisting degree by specifying a Direction information and a length information in a 3D space defined by 
x-axis, y-axis and z-axis, and an angle of rotation information from a reference point by a twisted angle (angle of rotation 
centered on the axis of the wire) between this wire segment and the other wire segment adjacent thereto. 
[0081] The data of the individual wire segments 22 are so displayed as to be continuously connected with each other 
(continuous connection). Here, a method of continuous connection is, as shown in FIG. 7, such that the coordinates 
of end points of center axes 23a, 23b are caused substantially to coiw^ in me case that wire segments^ 
to be connected. 

[0082] The entire 3D design data is mc^^ 

13 to adjust an ovemll positional reiationshtp be^ design data and the reference layout data Step S3 is 

preferabfrendedwtierrth^^ 

by pn twwntnr 



(Step S4) 3D Design Data Defomimg Step 

[0083] In Step S4, the operator mam^^ represented by the 3D design data 

using the input device t4 such as the mouse 13 so that mis shape crt^ 
data cfispiayed as a background image. 

B»84| It is not impossftrfe to represent the fiocibflity of the wire segment 22 by a date 

used 3D simulation system. However, because such an operation is quite cumbersome, the result of the operation 
may not necessarily reflect the operator's intention. 

[0085] Accordingly, in this 3D virtual assembOng system, the following processing is performed to enable the repre- 
sentation of a fiexftrfe characterise 
[0086] The recog^itkm of the respects 

i.e. vectors S (x, * z, 8) in the 3D space as described above. A variable e denotes a twisted angle bet^^ 
conti nuous wire segments 22a, 22b as shown in FIG. 8. Although vectors are shown in x,y plane by omitting z-axis in 
FIG. 8 in order to facilitate the description, the same applies to the 3D coordinate systems additionally having z-axis. 
[0087] For example, the vectors S of five wire segments 22 have the following values in FIG, 8 

vector S1= (XI, Y1,Z,0) 

vector S2 = (X2,Y2,Z,0) 

vector S3 = (X3, Y2, Z, 0) 

vector S4 = (X4, Y1,Z,0) 

vector S5 = (X5, 0,Z,0) 

[0088] After setting the vectors S as above, an end point of the wire segment 22 is moved within the 3D space by a 
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special operation of the mouse 13 called "drag- with the end point of the wire segment 22 designated by means of the 
input device 1 4 such as the mouse 1 3, e.g. by manipulating a press button of the mouse 13. 
[0089] Even in such a case, the continuous wire segments 22a, 22b are virtually held connected with each other at 
a connection point 24 thereof, for example, as shown in FIG. 7. Thus, if the position of the end point of the wire segment 
22 Is moved, it results | n the representation of a curve of the wiring harness 3 due to the continuous connection. In 
other words, if a tension Is exerted on one of the continuous wire segments 22, the other wire segment 22 is dragged 
A movement vector of the other wire segment at this time Is set by a specified operational equation based on an 
empirical rule so as to depend on a change or variation vector of the connection point with the one wire segment 22 
By such a processing, the wiring harness 3 can be deformed without losing an information on the continuity of ail the 
wires. 

[0090] However, in the case that the position of point (X5, 0) in FIG. 8 Is, for example, moved by means of the input 
device 14 such as the mouse 13, an influence of such a movement on the other connection points differ in degree In 
other words, the connection points closer to the point moved by the input device 14 such as the mouse 13 are moved 
more than those more distant therefrom. Here, it Is assumed that values of the vectors S after the change of the 
positions of the respective connection points are as follows. 

vector S1=(X1 f Y1,Z,81) 

vector S2 = (X2,Y2,Z. 82) 

vector S3 = (X3, Y2, Z, 83) 

vector S4 = fX4, Y1,Z,84) 

vector S5 = (X5.0.Z, 86) 

where 81 < 82<83<84<86. In this way, the curved shape of the wiring harness 3 can be represented by both the 
absolute coordinates and the twisted angles, and flexible representation such as a deflection can be freely made It 
should be noted that a relationship of 81 to 66 (in particular reflecting the bending characteristic of the wire 21 ) Is set 
beforehand e.g. based on an ernpirical rule or the like and is defined beforehand as a software program implementinq 
the operations of the 3D virtual assembling system. 

[0091] For the mutual Influences of the different wires in the wiring harness 3, the weight parameters representing 
difficulties of the respective wires to deform are considered Specifically, using a specified (predetermined or prede- 
terminabte) operational equation, the larger the value of the weight data of the wire, the smaller amount of movement 
is made during the deformation or the stiffer or rigid the wire 21 at least locally Is. Further, concerning the curve or 
bend erf the wire, as the value of the weight data of the wire increases, the wire is more likely to be moderately curved 
in its entirety Instead of being deformed only at a point erf deformation, in particular representing the overall stiffness 
or rigidfty of the wire 21 . 

[0092] Frequentty, the wiring harness 3 is comprfeed of not only an aggregate of the wires, but also various covering 
parts (e.g. viryl tubes, corroi^^ etc) 26 mounted around or on the wires 21. Accordingly, these 

shapes of the covering parts 26 rreed to be represented in associate 

[00931 For example, daia having the s 21, i.e. having pieces of irrforrratkm 

on tfie lengm and tt» effarneter m^be ge 
22 present within ranges whem the cx^ 
are inserted there instead or the data of trie 

inttepertdentofthecrtefevm^ harness can be represented Oke a real 

wiring harness. 

[00941 Altihou^the parameter of a r^ 

each wtra segment is given in ttts 

when looking at the 3D shape displayed on a screen erf to 

other words, in order to effectively carry out an actual 3D simulation, it Is desirable to visually represent the twist 
crmracteristk^ on the display devte 

a mark, pref erabty a substantially straight lirte, Is added on the outo 

me ior^itudinal direct shown in FIG. 10. It is assumed that 

the twisted angle <► which Is a parameter of the vector Sis set at a desired fixed value. 

[00951 First, each wire segment 22 is displayed In cylindrical form, and a straight line (hereinafter, "surface line") is 
added on the outer drcumferential surface of each cylindrical wire segment 22 along its longitudinal direction separately 
from thecenter axis thereof. Initially, the surface lines of all the wire segments 22 are set to substantially form a straight 
line in each wire 21. 

[0096J Here, in the case that the twisted angles * of all the wire segment data are same in the wire segments 22 
continuously connected with each other, the straight lines in longitudinal direction on the outer surfaces of all the 
cylinders are represented as a continuous straight line. In this way, a state free from twist" can be visually represented 
[00971 On the other hand, if the twisted angle <$> is changed in some of the wire segments 22, the surface lines drawn 
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on the outer circumferential surfaces of the respective wire segments 22 Is displayed In a twisted manner as shown in 
FIG. 11 according to a degree of the angular change. In other words, in the case that a certain wire segment 22 is 
twisted, for example, due to a movement of a branch wire, the wire segments 22 adjacent thereto are so displayed as 
to represent a twist with the twisted angle $ reduced in accordance with a specified law, preferably based on or deter- 
mined with a relaxation method. The "twist characteristic- can be visually represented only by drawing the surface lines 
on the outer drcumferentiaJ surfaces of the cylindrical wire segments 22 in this way. 

(StepSS) 

[0098] The deformation results of the 3D design data of the wires 21 are displayed on the display device 11 e g with 
the aid of a conventional CAD*oftware such as ENVISION™, while being superimposed on the image of the reference 
layout data displayed as a background image, and a degree of coincidence or a degree of discrepancy of the two 
Images is visually confirmed. 

[0099] For example, if loosening of an image of the 3D design data with respect to an image 28 of the reference 
layout data as a background image is considerably large as shown in FIG. 1 2, it means that this wire is excessively long. 
[01001 Further, if a branch wire 29a of the 3D design data is drawn out from base wires 28, 29 in a direction opposite 
from the one in which a branch wire 28a of the reference layout data as a background image is drawn as shown in 
FIG. 13, a design change is so made as to change a forming direction of the branch wire 29a with respect to the base 
wire 29. 

[0101] Other problems including excessively short lengths of the wires and excessive twists can also be easily con- 
firmed using the display result or content on the cfisptey device 11. 

[0102] By the above 3D virtual assembling method, when designing the wiring harness, an efficient wire layout in- 
vestigation can be made by virtually investigating the wire layout confirming to the result of designing without actually 
producing a trial product 

[0103] Accordingly, as compared to the prior art methods, time and labor taken for designing can be considerably 
reduced, thereby remarkably shortening a period of development up to the completion of the design. 
[0104] This method is also effective for the actual Investigation of designing since not only the coordinate information 
but also the twists of the wires 21 can be investigated. 

PM05J Accordingly, when designing the wiring harness, an efficient wire layout investigation can be made by virtually 
investigating the wire layout confirming to the result of the design without actually producing a trial product 
[0106] Thus, as compared to the prior art rnethods, time and labor taken for designing can be considerably reduced, 
thereby remarkably shortening a period of development up to the completion of the design. 
[01071 Mon»ver, since the 

irtg and tfspteyed by divfcfing the wiring harness into wire segments, an operation load of the control means can be 
retfcjced as compared to a case of performing an operation assuming a actually curved state as a physical data. 
[Oioej Furtherrnor^ the continue 
casethaftthe wiring har^ 

the wiring harness in such a manner approximate to an actu^ 

segment, whether or not there is any unnatural twist can be easily visually confirmed by displaying a change in this 
phase difference on the dfeptay means. 
[DI101 StiOfurtr^, the surface!^ 
outer eircumfenrntl^ 

fine is displayed on the display mee^ white being twts^ 

twists cf the wiring harness can also be investigated, which is effective for the actual investigation of designing. 
[0111] Moreover, in the case that part of the wtrmg harness » 
the covering part is used for each of to 

merits. Thus, the 3D shape of the wiring harness can be represented like a real wiring harness. 

[01121 FIG. 16 is a flow chart showing a method for designing a wiring harness assembling table according to one 

embodiment of the present invention. 

[0113] First, a client or a design provider such as a car manufacturer or an appliance manufacturer written in Step 
StOt of FIG. 16 drafts a design drawing of a wiring harness divided according to the type of an object (e.g. automotive 
vehicle, electric appliance, etc) and acxx»d^ to sections (Step S102).M 

for each type and for each section. This design drawing includes an information on the specifications of various parts 
such as electric circuits, wires and accessories. An information output form of the design drawing to be drafted includes 
an electronic information of two-dimensional (2D) or 3D coordinates and a drawing printed as a plan based on the 
electronic information. 

I 0114 ! Subsequently, in Step S103, the electronic information obtained in Step S102isso converted as to have a 
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data format suited to a computer software program called IHS (wiring harness production designing system). 
[0115] In Step S104, the wiring harness is designed on the computer by a skilled operator and a full-size production 
design drawing (full-size drawing) is drafted (Step S106). This full-size drawing is a simulation corresponding to the 
wiring harness 3 on the assembling table 1 shown in FIG. 15 and is, for example, a drawing in 2D coordinate systems 
as shown in FIG. 17. This full-size drawing includes an information on circuits 11 each of which is one wire or an 
aggregate of a plurality of wires, an information of terminals such as connectors and ground terminals, an information 
on various accessories 12 Including protecting members or covering parts such as clamps, clips, tubes, taping and/or 
protectors, and an information on various dimensions and tolerances necessary for the production in a 2D space 
assuming the surface of the assembling table 1. This drawing also Includes an Information on various assembling 
assisting jigs (a multitude of jigs for terminals, clamping and/or branching are newly designed or selected according 
to application) 13 indicated by* in FIG. 17. 

[01 16] In Step S1 06, a full-size drawing design data for the fulHuze drawing drafted in Step S1 05 is sampled. 
[01171 Here, the full-size drawing design data includes an information on nodes through which the respective circuits 
pass (node information), an information on spans connecting the respective nodes (span information) and an informa- 
tion on accessories to be connected wtth some of the nodes (part information). 

[01181 Specifically, the node information includes the numbers and coordinates of the respective nodes. 

[01191 The span information preferably includes the numbers of the nodes connected with each other, a diameter 

of the wiring harness, and the coordinates of passing points and bending points. 

[0120] The part information Includes the numbers of the nodes with which the respective accessories are connected, 
an information on the name of terminal parts or part codes, an information on the types, specifications and mounting 
directions of the parts. 

[01211 Other pieces of information included in the full-size drawing design data preferably include a wire information 
a circuit construction information and a circuit processing information. 

[0122] A 3D wire path data is generated based on these pieces of information using a 3D simulation system (Step Sa) 
[01231 Specifically, the 2D full-size drawing design data obtained in Step S1 06 is first received as a full-size drawing 
information in Step S1 07. 

[0124] Then, in Step S108, the 3D wire path data is generated. 

[0125] The operations performed in Step S108 are described in detail with reference to FIGS. 18 to 21 . Here, it is 
assumed that the node numbers of the opposite end points of the wiring harness are node No. 1-1 and node No. 2-1 
and the node numbers of the passing points are passing point 1 -a, passing point 1 -b. The operations of Step S1 08 are 
realized by a CPU being caused to operate in accordance with a software program stored beforehand in a specified 
storage medium such as a hard disk drive in the computer. 

<1. 3D Wire Path Data Setting Step> 

[0126] First, the respective pieces of the span or element or segment information are obtained. For example, the 
node numbers of the opposite end points of the span or etemem or segment, riode No. ^ 

as a first span information as shown in RG. la Further, the information on the di»neter of the harness m this span is 
sampled In this case, the thic^^ 

and preferably is expressed in mimericat value. Further, the passing points 1-a, 1-b which need to be passed when 
ttte wiring harness has abends 
or elements or segments.. 

[0127] After the span information is obtained for all the spans, 2D coordinates^ 
nodes are retrieved from the node information. 

PW281 Subsequently, the coordinates of node No. node No. 2-1 and the coordinates [Xla, Ylal DC1b Y1bl 
pC1n, Y1nl of the passing points are plotted 9 J ' 

[0129] Then, the coordinates of the respective nodes are grasped as 3D coordinates by setting a coordinate (z- 
coordinate) in a direction (height direction) normal to the 2D space at a constant value (Z) for the coordinates of the 
respective nodes in the 2D spaced {e g ^ t00 

mm) of the wiring harness supported by the assisting jigs 2 from the assembling table 1 as shown in FIG. 15. Although 
this dimension may be manually inputted by an operator, a value in Z-axis may be automatically given by the computer 
preferably taking advantage of the fact that the respective dimensions of the assisting jigs 2 are already known 
[0130] Subsequently, two adjacent ones of a plurality of plotted points are designated, a data (D1) on the "harness 
diameter is obtained, and a cylindrical shape data having a straight line connecting the two points as a center axis 
and having a diameter D is generated Such cylindrical shape data are obtained for all pairs of adjacent points and 
consequently, the 3D wire path data is or can be generated 

[0131] At this stage, the 3D coordinates of the respective nodes are as follows (see FIG. 18). 
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- Node No. 1-1 (Xt,Yt,Z) 

- Node No. 2-1 (X2,Y2,Z) 

• Passing point 1 .a (X1 a, Y1 a, Z) 

- Passing point 1 -b (X1 b, Y1 b, Z) 

[0132] In this way, a virtual wiring harness 119 modelled into an aggregate of elements, preferably of cylindrical 
shapes, can be represented in the 3D space as shown in FIG. 1 B. 



<2. Part Shape Data Setting Step> 
2-1. Part Information Obtaining Step 

[01331 Next, the part information to be described below is obtained from the full-size drawing design data obtained 
in Step S108. 

[0134] First, the node No. 1 1s obtained as a node number representing origin coordinates where this accessory is 
to be mounted. However, additional coordinates preferably are designated by the node No. 2 as the node number of 
the additional node in the case that the mount position of the accessory cannot be securely designated by the origin 
coordinales. 

[01351 Then, the mounting direction of the accessory is designated. Triis direction information is included in the 
information of the node No. 1 or node No. 2. For example, if the node No. 1 is inputted, it means that the accessory is 
mounted at the coordinate position of the node No. 1 or is mounted toward the node No. 2 with the node No. 1 as an 
origin. 

[01361 Further, an accessory specification data (name, code, type, length, etc. of the part) is sampled as a number 
by a uniformly administrate numerical value or by a specified (predetermined or predeterminable) data standard. 

2-2. Step of Siting the 3D Shape of the Parts 

[0137J The 3D shape of the part is stored in the storage device such as a hard disk of the computer beforehand. 
Here, a method for setting the 3D shape data of various parts stored in the storage device is described. 
[01381 P&rts for a wiring harness include wires, terminals, connectors, clamps (or dips), tubes, protectors (e.g. mold- 
ed parts) and/or boxes (fuse boxes, Junctions positions, etc.), etc. The 3D shape data of these parts need to be gen- 
erated at first Accordingly, the 3D shape data of the above various parts are obtained by the following method 
[01391 Rrst, a 3D shape information registered In or generated by an ex^^ 
merit and design stage of the accessories, and one data file fep^ 
view shewing me 3D shape of a conre 
used as the name of this data file. 
[01401 Fw the accessory whose 3D sr^ 
and the 3D shape data of these accessories am set a^ 
one data ffle Is generated 16r a data of o ne part and the narnec* code of th^ 
[01411 P^Oar retrieval Indexes are pr^er^ 
data of various parts in use obtained by the a^ 
drive as a part information database. 



2-a Step of Connecting the 3D Shape Data with the 3D Wire Path Data 
[01421 ^ 3D shape data am conned 

the part is obtained from the part information, and the obtained information is used as a retrieval key to obtain the 3D 
shape data file of mis accessory from the part informal database. 

[01431 Subsequently, the node No. 1 and the node No. 2 if necessary are obtained to obtain the coordinates of the 
mounting position of the accessory from the part information. Such a node information is retrieved to obtain or generate 
or provide the 2D coordinates [Xpan, Yfc>an]. 

[01441 Then.the 3D shape data of the accessory is attached at or related to a sp 

[01451 First, one node number information is designated for a connector 20 at one end, the coordinates of a center 
point of a plane where terminate are to be inserted are obtained, and these coordinates are caused to substantially 
coincide with the node coordinates where the connector is mounted, whereby the 3D shape data of the accessory 
shown in FIG. 19 is attached to or combined with the 3D wire path data (see FIG. 20). 

[01461 Further,** a damp (also called as dip), one node number information is designated and, after the coordinates 
of a center point of this accessory (clamp) are obtained, these coordinates are caused to substantially coincide with 
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the node coordinates where this accessory Is to be mounted, whereby the 3D part shape data is attached to or combined 
with the 3D wire path data. ' 
[01471 For the covering member (such as a corrugate tube, vinyl tube or taping: see 121 in FIG 20) a data preferably 
on the type, diameter and/or length of the part is obtained based e.g. on the information on the name and the specifi- 
cation of the part, and a 3D shape data, preferably a 3D cylindrical shape data, in conformity with the diameter and 
length data of this part is generated. In order to enable a visual judgment of the type of the part, special display designs 
(display color, surface design, etc.) corresponding to the types of the parts are or can be determined beforehand and 
the display design is selected based on the part type information and is reflected on the previously generated 3D 
cylindrical shape data Subsequently, the node coordinates are obtained from the node number information and a 
point expressed by these node coordinates is assumed to be a base point where the 3D cylindrical shape data is 
attached. In the case that there are two pieces of the node number information, the direction data is referred to and a 
point expressed by the node number indicated there is assumed to be a base point The coordinates of the base point 
and those of an end point of a center line of the 3D cylindrical shape data are caused to coincide with each other 
whereby the data is attached by a method for superimposing the 3D cylindrical shape data on the 3D wire path data' 
For example. In FIG. 20. the opposite end points of the cylindrical shape of the covering part 21 are expressed bv the 
coordinates ptp2a. Yp2a. 2J, p(p2b. Ypb. ZJ at the opposite ends of a long node No. P-2. 

[01481 In the case that the diameter and length data cannot be obtained, a 3D cylindrical shape data is generated 
using the coordinates of two node numbers and the diameter of the 3D wire path data including these node numbers 

^LT^^™* 0 * 1 Stape datamayte sometimcs attached after erasing the 3D wire path data within a range 
where the 3D cylindrical shape data is set. 

IP150J A "3D wiring harness shape data' as shown in FIG. 20 can be obtained by the above procedure. 

<3. Assembling Table Data Generating Step* 

3-1. Step of Setting tt» 3D Shape Data of the Assisting Jigs 

[01511 There are various kinds of supporting or assisting Jigs 2 (see FIG. 1 5) depending on their functions Generally 

used assisting jigs 2 include U-shaped jigs for fixing the terminal pans (connectors, terminals, etc ) and the wires 

branch fos used at branched points of the wires, and/or damping jigs for positioning the clamps. 

[01521 These jigs are or may be individually designed and produced or 2D drawing information of the assisting jigs 

or actual jgs are obtained and 3D shape data are setandi«gisteredasintheabove^-2.StepofSetUngthe3DShape 

tftheParts-.tntheadministnitonofth^ 

asweMjjgdelabaseisgemsatedoriised.Die^ 

•2-2 Step of Setting the 3D Shape of the Parts* 

[01531 Since the l^shapedjigisageneralV used jig and is not parties 

part name or part code. Thus, the name or code may be separately detemiined and registered therefor. 

^!^I!!l l !I^!^^ rf ^ aSSen ^ ,abte1<Seen& ^^^assembUngthewiringhamessare 
obtained from the full^iK drawing irrfomTatiw 

able as production standards (e.g. 870 mm (breadth) x 3600 mm (length)), and a designer selects an optimal size in 
drafting a full-size drawing. " 
f 0155 * A^^threfwencetothepartirrfomia^ 

in the part information. A desired selection method is adopted, and an optimal jig is selected within such a range as 
^g^L?" "Perabi'ay not » hinder a guarantee of a quality (positioning precision, dimensional precision 
etc.)prefwably in consideration of the type, shapev size and the IBre of the parts and the wire diameter Some assisting' 
figs 2 such as clamps are determined or defined in one^o^relabonshp to the part narnes or part codes 
[0156) The assisting jigs 2 may be arbftrariy selected by the operator. However, since the dimension data of e a 
the U-shaped jig such as the inner diameter of its holding section can be recognized by the computer, tte 
assisting jigs 2 may be automatically computer Irrtcd according to the diameter of portions of the respective wires 
held by the assisting jjg 2. 

[01571 TheSDshapedata (see 122 in RG. 21) of the selected assisting jigs 2 is retrieved from thejig database and 

attached to the assembling table 1 23 for assembling the wiring harness. 

[01581 The "3. Assembling Table Data Generating Step" is completed by the above operations 

[01591 The 3D wiring hanress 19, the assistirig jigs 1^ 

on a display screen of the computer or printed by a printer, so that they can be visually grasped without Drodudna urn, 
trial product at an assembling site of the wiring harness. producing any 
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[0160] Since the wiring harness and the assembling site can be easily virtually modeled by the computer, problems 
of the design can be pointed out and an improvement thereto can be made within a short time. Specif ically, if the above 
wiring harness assembling table designing method is, for example, used at the design and development stage of the 
object in which the wiring harness is to be used as in Step 72 of FIG. 22, it is no longer necessary to produce a trial 
product of the wiring harness (Step T3 of FIG. 23) unlike the prior art. As a result, a development period of the object 
in which the wiring harness is to be used can be considerably shortened. 

[0161] Accordingly, the wiring harness can be easily virtually modeled by the computer since the wiring harness 
assembling table designing method for investigating and designing the arrangement of the assembling table used to 
assemble the wiring harness and the assisting jigs for supporting the group of the wires laid along the specified path 
on the assembling table is provided with the step of setting a cylindrical wiring harness having a virtual thickness based 
on a design information of the wiring harness developed in a 2D plane and a wire diameter information included in the 
design information; the step of relating the set cylindrical wiring harness to the 3D data of accessories based on the 
design Information, and the step of selecting optimal assisting jigs for receiving the wires to be laid and virtually making 
an optimal arrangement of the assisting jigs on the assembling table using the computer. Thus, problems of the design 
can be pointed out and an improvement thereto can be made without producing trial products of the wiring harness 
the wiring harness can be developed within a shorter time, and the assisting jigs can be efficiently arranged and de^ 
signed 

[0162] Further, the assembling table can be efficiently selected by preferentially selecting the predetermined assem- 
bling table. As a result, the development of the wire layout path and the virtual arrangement of the assisting jigs can 
be quickly made on the assembling table. 

[Q163] Moreover, a 3D model easy to visually grasp in accordance with an actual situation can be easily obtained 
based on the accessories to be mounted on the wiring harness. 

[0164] Furthermore, the coordinate axis in the normal direction to the 2D plane of the wire layout path is added to 
the coordinate systems of the 2D plane in the assisting jig selecting and mounting step, and the value of the height at 
which the wiring harness is supported by the assisting jigs above the assembling table is set in the normal direction 
thereby arranging the wire layout path in the 3D space. Thus, the coordinates of the wire layout path can be easily 
converted from the 2D coordinates to the 3D coordinates. 

[0165] Fia 24 is a flow chart showing a wiring harness designing method according to one preferred embodiment 
of the present invention. As shown In FIG. 24. a three-dimensional (3D) virtual simulation technology is utilized for a 
process from the separate designing of subassemblies forming a wiring harness to the arrangement of these sub- 
assemblies on a harness assembling table, preferably as descrft>edwith reference to FIGS. 1 to 13, thereby generating 
the wiring harness and the harness assembling table having precise 3D structures in a virtual space. A trial product of 
the wiring harness is or can be virtually produced only by simulation, and productivity- and quality-related hindering 
factors are pointed out to study a method for improving such hindering factors. 
[01661 above operations are carried^ 
a FKW,aRAMandaCPUwttte3Dfc 
in detail below. 

[01671 Rrst, a fufl^^ drawing is 

sirrrilar to the one shown in aeps SW and S« 

information: Step S222) is obtained from a product system (IHS: Step S22t )as a software program of 

the computer, preferably as already described with reference to FIGS: 1 to 13. 
[01661 Thehamess design information & a dra^ 
plane which ^ntorratton is necessary to 
cornputer system are 
least part of the harness design inform 
manufacturer 



[0169} r _ — , , ■■ • - — i- > — — — — — • t""*-** »««»vf «t ipwu^u iv u ic %Aft i sp&H&r iyyzMJkzii i or various ii ems including 

the 3D shapes of me respective parte such as wires, connectors and covering parte arid a part information, considering 
thefulKsize designing, and these data are cornptled using a storage device su^ 

[01701 During this time, the fultebe design information obtained in Step S222 and a subassembly composition in- 
formation (subassembly irrforrnation) on a plurality of separately designed subassemblies forming the wiring harness 
as a final product are formed into a database (fulMze design data generating step). 

[01711 The data (full-size design data) to be sampled or inputted at this time include a node information including 
numbers of nodes (node Nos.) such as center points and end points and 3D coordinates of the respective nodes (node 
coordinates); a span or element or segment irrforrnation specifying the nodes connected with each other; a part infor- 
mation indicating by which nodes various parte are connected with each other (i.e. nodes Nos., names or codes of 
terminal parts, types, specifications and mounting directions of the parte, etc.); a subassembly information including 
identification numbers (subassembly Nos.) for distinguishing a plurality of subassemblies from each other and an in- 
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formation on parts (e.g. circuit parts) forming the subassemblies; a circuit information including an information on the 
types, sizes, colors, processed lengths, diameters of the wires, the names of terminals mounted at the opposite ends 
of the wires, the part codes, the node Nos. of the connectors Into which the terminals at the opposite ends of the wires 
are to be inserted, the names and codes of the connectors, and cavity numbers in the connectors to have the terminals 
inserted thereinto (insertion cavity Nos.); a circuit construction information; and a circuit processing information. 
£0172] A preferred data configuration of the subassembly information is shown in FIG. 2. The subassembly informa- 
tion is organized in a retrieval tree structure as shown in FIG. 25. 

[0173] In FIG. 25, circuits a11,a12,a13, ...of a subassembly No. 1 are an index information of each wire and include 
a circuit information used to define various pieces of information such as a plurality of passing nodes Nos. (node Nos ) 
used to detect coordinates where the respective wires pass on the full-size drawing and the diameters of the wires 
[0174] Connectors b11, b12, b13, ... as parts are an index information of the connectors and specifically include a 
connector specification information linked with the part information, and the part information on, e.g. the positions of 
the nodes where the respective connectors are located. 

[0175] Covering parts c11, c12, c13 such as clamps, clips, protectors, tubes, taping, etc. as parts are an index in- 
formation of various covering parts and include a relationship information linked with the circuit information and indi- 
cating which circuit is joined with which covering part, and an information (node information) on the positions of the 
nodes where the respective covering parts are located. 

[0176] These pieces of the fuO-size design information are stored as a database (DB3 in FIGS. 26 and 27) in the 
storage device such as a hard disk of the computer system . 

[01771 A 3D shape information on the 3D shapes of the connectors b11, b12, b13, .., the covering parts c11 , c12 
c13, ... such as damps, assembling jigs and other parts is stored as a database (DB2 in FIGS. 26 and 27) beforehand 
and the respective data of the 3D shape information can be retrieved by referring to the above index information 
[0178] Separately from these pieces of the fuO-size design data, an information on the wiring harness assembling 
procedure (assembling procedure Information) is also inputted or retrieved or obtained in Step S224 and stored as a 
database in the storage device such as a hard disk of the computer system. This assembling procedure information 
includes a subassembly assembling procedure information and an orHh^board assembling procedure information 
[0179] The subassembly assembling procedure information includes an order index (serial No.) indicating an as- 
sembfirtgorcler, the names or codes of the parts such as the connectors to be assembled, the circuit Nos. of the wires 
to be assembled, terminal symbols indicating at which ends of each wire to be assembled the terminals are mounted 
(one terminal War^ the other terr^ 

first (first mounting part), the specifications of the first mounting parts (names and processing specifications of the vinyl 
parts and the like), and other operation codes and specifications. 
[0180] A data of the subasserrtrty assembling proc^ 

Wy assembling procedure irrformation D81 A is linked with the database DB2 of the 3D shape information and the 

database DB3 of the fUJKsize design ^formation as shown in FIG. 26 with the subassembly Nos. as Dnk keys. 

(0181] Thecm-the^oardasserrWingprocedum 

sembfing order on the harness ass 

onto the harness assembfingtaWevte 

bundfoift, mounting of the covering parts, and branching, the 

ncrt as part of thesubassembfy; tfifm^ 

terminate are mounted (one tem^ 

[0182] Adatacl thtsoivthe^boart 

the4>oard assembOng procedure IhT^^ 

and the data base DB3 of the ftill*^ 

link keys. 

[0183] Here, a specffic example of the subasa FIGl 28 and a procedure of assembling this sub- 

assembly Is shown In TABLE-2 



TABLE-2 



ORDER 


CONTENTS OF OPERATION " == ] 


1 


Take connector C3 out and hold tt by left hand j 


2 


PuJI ^terminal skJecrfdrcuitat5out by rigm hand, and at least partly insert K into cavity© of connector 0 
C3 H 


! 3 


Pull&termmalstdeofarcu^ ofcormector 1 
C3 1 
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TABLE -2 (continued) 


ORDER 


CONTENTS OF OPERATION 


4 


Pull A-terminaJ side of circuit a1 3 out by riqht hand, and at least oarttv insert It Into ravhvfTi «f r* nn <^*r 

j ' *5j • •* ■ **** * w » *•« ,w *** «*o^t pai uy ii loci 1 11 if iiu uavity \jj or connector 

C3 


• 


Pull Arterminal side of circuit a1 2 out by right hand, and at least partly insert it into cavity® of connector 
C3 




PullArterminalsideofcircuita11 out by right hand, and at least partly insert it into cavity® of connector 

. . — 



[0184] In FIG. 28, cavities© f @,® of a connector C1 and cavities® ,© ,0 of a connector C3 are connected 
by circuits (wires) all, at 2, a13, and cavities® ,@ of a connector C2 and cavities® ,® of the connector C3 are 
connectedbydrcuits(wires)a15,a16. Further, a circuit at 4 connected with a cavity© of the connector Ct isconnected 
with a free terminal T1, and a circuit a17 connected with a cavity® of the connector C2 is connected with a free 
terminal T2. These free terminals T1 , 72 are free circuit terminals which are not inserted into the cavities of the con- 
nectors at a subassembly assembling stage, but need to be at least partly inserted into the connectors on the harness 
assembling table 21 6 later on. 

^ [0185] In the case of manually assembling the subassembly shown in FIG. 28, wires are accommodated in a wire 
accommodating tray 211 shown in FIG. 29, and parts in part accommodating cases 212 are connected with ends of 
the wires toward the front side in Fia 29. Connecting operations at this time are performed on a work table 213 
[0186] Specifically, a procedure of, for example, assembling the respective circuits a11 , a12, a13, a15, a16 into the 
connector C3 is as shown in TABLE-2. First, the connector C3 is taken out of the part accommodating case 212 and 
held by left hand. Then, the ^terminal side of the circuit a15 accommodated in the wire accommodating case 211 is 
pulled out by right hand and at least partly inserted into the cavity © of the connector C3 (see FIGS. 28 and 30) 
Similarly, the ^en^rmlside of the circuit at 6 is pulled out by right hand and inserted into the cavity® of the connector 
C3 (see FIGS. 28 and 31); the A-terminai side of the circuit at 3 is pulled out by right hand and at least partly inserted 
into the cavity© of the connector C3; the Arterminal side of the circuit a12 is pulled out by right hand and at least 
partly inserted Into the cavity ® of the connector C3; and the A-terminaJ side of the circuit a11 is pulled out by right 
hand and at least partfy inserted into the cavity© of the connector C3 (see FIGS. 28 and 32). 
[D187J The subassembly assembling procedure information is generated assuming the procedure of these manual 
operation* The subassembly assembling procedure information at this time (see FIG. 26) is as shown in TABLE-3 
below. 



TABLE-3 



| SUBASS. NO. 


; SERIAL NO. 


PART CODE 


! CIRCUIT NO. 


TERMINAL SYMBOL 






001 


C3>2 










002 




\ a15, 1 


B 






003 




a16, 1 


B 






004 




a13,t 


A 






006 




a12, 1 


A 






008 




a11,1 


A 





BH88i In TABLE-3, an information X3, T meaning that the connector C3 is held by left hand f2-) is stored in a part 
code column in a row of the serial No. of 001. Subsequently, an information *a15, 1" meaning that the circuit a15 fe 
rteW by right ham* H^is stored^ Similarly, pieces of irrformation 

•a16\ f, *a13 r f, *at2; f and "all , V are stored in the rows of the succeeding serial Nos. The terminal symbols (A 
or B) are also stored together. This subassembly assembling procedure information is formed into a database as 
indicated by DB1A in na 2a 

[01891 A state of a subassembly laid on a harness assembling table is shown in FIG. 33 and a corresponds wire 
laying procedure is shown in TABLE-4. 
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TABLED 



10 



15 



30 



| ORDER 


CONTENTS OF OPERATION 


I 1 


Pass wires from connector C1 through a specified U-shaped jig 


2 


Pass wires from connector C2 through a specified U-shaped Jig 


3 


Lay wires connected with connector C3 and free terminals along specified paths 


4 


Pass wires from connector C3 through a specified U-shaped jig 


5 


— ~_ 

Lay wires connected with free terminals to the vicinity of connector C4 | 


6 


Pass wires from connector C5 through a specified U-shaped jig 


7 


Lay wires connected with connector C4 along a specified path 


8 


Pass wires from connector C4 through a specified U-shaped jig 


9 


Insert free terminal connected with connector C2 into cavity© of connector C4 


10 


Insert free terminal connected with connector C1 into cavity® of connector C4 



[0190) The harness assembling table 216 is used for assembling the wiring harness while being inclined only by an 
angle of 0 with respect to a horizontal plane defined by X-axis and Y-axis as shown in FIG. 34. U-shaped jigs Jigt to 
Jlg6 for holding the wires and connectors CI to C5 are mounted on the harness assembling table 216. The design of 
the harness assembling table 216 in particular with respect to the arrangement of the single subassemblies Sub1 
Sub2,Sub3, ... and/or of the jigs Jig1 , Jig2, Jig3, ... may be designed according to a method as described with reference' 
to FIGS. 24 to 50. 

[01911 As shown in TABLE-4, the wires connected with the connector C1 of the subassembly shown in FIG. 28 are 
passed through the U-shaped jig Jigt on the harness assembling table 216. Similarly, the wires connected with the 
connector C2 of the subassembly are passed through the U-shaped jig Jig2. 

[0192] Subsequently, the wires connected with the connector C3 and the wires having free terminals are laid along 
specified paths, and the wires connected with the connector C3 are passed through the U-shaped jig Jlg3. 
[0193] Then, as shown in FIG. 36, the wires connected with the free terminate T1 , 12 are laid to the vicinity of the 
connector C4. 

[019*1 Subsequently, the wires connected with the connector C5 are passed through the specified U-shaped jig Jig5 
Prt95| The wires conrtectedwim the connect 

[01961 Thereafter, as shown in RG. 37, the free terminal 72 extending from the connector C2 Is inserted into a 
specified cavity of the connector C4, and the free terminal T1 extending from the connector CI is inserted into a 
specified other cavity of the connector C4, with the result that a state of FIG. 38 is attained. 
DW9J1 Theorrthe^c^asseir^ng 
operatkms. The on-the^»ard ass^ 



TABLES 



SERIAL NO. 


SUBASSNO. 


OPERATION 


PART CODE 


CIRCUIT NO. 


TERMINAL 
SYMBOL 




001 


001 


wire laying 


C1 








002 


001 


wire laying 


C2 








003 


001 


wire laying 


C3 








004 


002 


wire laying 


C5 








005 


002 


wire laying 


C4 








008 


001 


terminal insertion 


C4 


a14 


A 




007 


001 


terminal insertion 


C4 


a17 


A 





50 



55 



[0198) TABLE-5 defines that the wires are laid for the connectors Ct to C3 of the subassembly 001 in the rows of 
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the serial Nos. of 001 to 003; the wires are laid for the connectors C5, C4 of the subassembly 002 in the rows of the 
serial Nos. 004, 005; and the A^erminals of the specified circuits are inserted into the connector C4 of the subassembly 
001 In the rows of the serial Nos. of 006 and 007. This on-the-board assembling procedure information is formed Into 
the database as indicated by DB1 B in FIG. 37. 

[0199] After the assembling procedure information sampling step (Step S224) shown in FIG. 24 is completed in this 
way, the full-size design data and the assembling procedure information are received by a 3D simulation system of an 
other computer system via a specified network by a method such as an FTP. Thereafter, the 3D shape data of the 
subassemblies and that of the wiring harness on the harness assembling table (including the assembling board and 
the U-shaped jigs) in the virtual 3D space are successively generated in this computer system, and arc displayed on 
a display (Step S226). 

[0200] The operation in this Step is described, starting with the 3D shape data of the subassemblies, which may be 
preferably generated by a method or system as described with reference to FIGS. 1 to 13. 
[02011 First, the part code (C3, 2) is obtained based on the serial No. (001 ) of the subassembly assembling procedure 
information DB1 A shown in FIG. 26 and TABLE-3. 

[02021 Subsequently, the 3D shape information of the connector C3 is retrieved from the 3D shape information DB2 
ofthe respective parts shown in FIG. 26, and this 3D shape is displayed on a screen of the display (not shown) of the 
computer system. A display position of the connector C3 on the screen of the display is arbitrarily set using a pointing 
device (not shown) such as a mouse, and the connector C3 is displayed such that a circuit insertion surface where the 
cavities of the connector C3 are formed is faced forward. 

[02091 Then, the drcuft No. (a15, 1) and the terminal symbol (B) are obtained based on the serial No. (002) of the 
subassembly assembling procedure information DB1A (see FIG. 26 and TABLE-3). An attribute information of the 
circuit a1 5 is retrieved and obtained from the circuit information of the full-size design information DB3 shown in FIG 
26. In this way, the data on the wires, the terminals, the connectors into which the terminals are to be inserted and 
the cavfty Nos. can be obtained 

[0204] After various pieces of information are thus obtained, the 3D shape data of the circuit a15 is generated in the 
virtual space and displayed on the display 11 (see FIGS. 1 and 30). 

[02051 At this time, a fulktfze 3D wire having a pipe-like shape Is generated and displayed using the Information on 
the diameter, color and length of the wire. 

[02061 An actual shape data or a simplified shape data (e.g. rectangular parallelepiped) is registered beforehand as 
the 3D shape of the terminals based on the terminal code information of both Arterminal and B-terminal of the circuit 
alSjabo other circuits), and this registered data is connected with the opposite ends of the wire data (see FIG 30) 
[02071 Then, the terminal at the &end of the circuit a15 to be inserted is brought to the vicinity of the shape data of 
the connector C3. This state is displayed on the screen of the display 11 as shown in FIG. 30. 
[02081 Ne^atraceofmoveme^ 
end towardacenter point ofto 

trace of operation preferably by human hands or other operating means is measured and inputted using a pointing 
otevtesuchBsarnouselfrwherebyast 

Although a speed at which the trace of operation is followed is set at a value base^ measured value 

there Is also a fu notion of arbitrarily changing or Inputting such a speed. 
[0009] totheseriair^ofOraands^ 

DB1 ,. the respective pieces of the procedure information are obtained and the aforementioned method is repeated, 
whereby a virtual assembling operation* the subassem 

computer system (see FIG. 31), preferably as described with reference to FIGS. 1 to 13. 

[02101 The later^raerted circuits are freouerrtly mserted while avoiding the circuits inserted earlier. Such a state is 
represented by selecting ends of a drcuit 1B to be inserted later as not 

to interfere circuits 19 inserted earlier as shown in Ra 40. An example shown in FIG. 40 is a simulation of the circuit 
insertion into the multi-contact connector. The position ofthe cavity into which the later-inserted circuit 18 is to be 
inserted is located at the center of the connector, and the circu its 1 9 are already inserted into the cavities around the 
former cavity. Thus, a supplementary operation of avoiding the circuits 19 inserted earlier is invariably accompanied 
Therefore, when such moving images are reproduced on the screen of the display, a poor operabilrty can be visually 
displayed Similarly, the insertion of the circuits all to a1 5 into the corresponding cavities of the connectors Ct C2is 
virtually displayed. 

Btttll Upon the completion of all the procedures, the virtual assembling of the corresponding subassembly (001) is 
completed and an image is displayed on the screen of the display as shown in FIG. 32. 

[02121 By representing the subassembly producing operation by the 3D virtual data by the above method without 
using an actual product, people In charge can objectively inspect whether or not the subassembly producing procedu re 
decided by the research engineer is optimal and improve if necessary while looking at the display screen displaying 
the virtual operation. As a result, an optimal producing procedure can be decided or designed sooner. 
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[0213J Further, by using the traces of operation and the actually measured values as the operation speed, the op- 
eration steps can be understood as if an actual operation were performed and the remedy of the operation can be 
investigated for an improved operation efficiency. 

[0214J Since the work table 213 shown in FIG. 29 is installed and the cases 211 , 212 for accommodating the wires 
5 (a11 , a12, ...) and the connectors (C1 , C2, b11 , b12, ...) as components of the subassemblies are provided in the 
actual subassembly producing operation by human hands, operabilrty including the layout of the work table 213 and 
the cases 2, 212 is studied. In other words, the arrangement of the accommodating cases 21 1 , 212 is so investigated 
that the wires can be drawn out of the cases 21 1 and the connectors can be taken out of the cases 21 2 within a shorter 
time. This simulation can be so carried out as to approximate to an actual operation by generating the 3D shape data 
io of the work table 213, the accommodating cases 211 , 212 and the like and linking them with the simulation data of the 
subassembly producing procedure. 

[02151 Next, a preferred method for virtually arranging and assembling the subassemblies, the independent parts 
and the like on the harness assembling table 216 in the computer system using the 3D shape information DB2, the 
full-size design information DB3 (see FIG. 27) and the orvthe-board assembling procedure information DB1B which 
15 are stored as databases In the storage device of the compute system is described. 

[02161 As shown in FIG. 34, the harness assembling table 216 is imaged and displayed on the display while being 
inclined by an angle 6 with respect to the horizontal plane defined by X-axis and Y-axis preferably by an empirical rule 
conforming to an efficient actual operation. 

[02171 The subassembly No. (001 ), the type of the operation (wire laying) and the part code (C1) are obtained based 
20 on the serial No. (001) of the on-me-board assembling procedure information DB1 B shown in FIG. 27 and TABLE -5 
This subassembly No. (001) means the subassembly shown in FIG. 28. 

[02181 The composition information of the subassembly No. (001) is obtained from the subassembly information of 
the full-size design information DB3. 

[02191 Subsequently, the node information of the connector C1 fe obtained, and the connector C1 of the subassembly 
25 No. (001) is imaged in a 3D shape white being positioned at the specified node coordinates. The construction of the 
subassembly No. (001) connected with the connector CI is imaged as shown in FIG. 35. At this time, since the com- 
ponents other than the connector C1 actually hang down due to gravity, they are imaged in consideration of such an 
influence. Again, for this purpose, preferably a method based on the one described with reference to FIGS: 1 to 13 
may be used 

30 [0220] Subsequently, the subassembly No. (001), the type of the operation (wire laying) and the part code (C2) are 
obtained based on the serial No. (002) of the on-the^board assembling procedure information DB1 B (see TABLE-5) 
The connector C2 is positioned at specified node coordinates, and all the circuits a1 1 to a17 (see FIG 28) extending 
from the connectors CI and C2 are retrieved from trte com (001); the wire 

layout paths of the respective drc^a11 to a17 are obtained f 

as matfon DB3; and the passing node coordinates of the respect rve circuits all to at 7 are obtained. 

[02211 In thecase that there is any circutt mis drcuit is so imaged 

as to precisely fWkw the 

[02221 Subseqtienti*tr»su^ 
obtained based on the seriair^(^ 
40 thedrcutecormectingthecon 

thereof am obtained, and the corme^ 

termmafeT1,T2.thei»nnecto^ 

the noofecooiolnales thereof, and tte 

ofthefuiisizeQ^ 

45 Subsequently, the subassembly No. (002)> the type of the operation (wire laying) and the part code (C5) are 

obtained based on the serial No. (004) of the orHhe-board assembling procedure information DB1B (see TABLE-5) 
Further, the subassembly No. (002), the type of the operation (wi re laying) and the part code (C4) are obtained based 
on the serial No. (005) of the orKhe-board assembling procedure information DB1B (see TABLE-5). Then, the other 
subassembly Na (002) is imaged by a procedure sirnilar to the above. A sta^ 

so as shown in Fta 37. 

[022^ Thereafter, the subassembly No. (001), the type of the operation (terminal insertion), the part code (C4) the 
drcuit No. (at 7) and the terminal symbol (A) are obtained based orfthe serial No. (006) of the orHrieooard assembling 
procedure information DB1 B (see TABLE-5). Likewise, the subassembly No. (001), the type of the operation (terminal 
insertion), the part code (C4), the circuit No. (a14) and the terminal symbol (A) are obtained based on the serial No 
& (007) of the on-me-board assembling procedure information DB1 B (see TABLE-5). 

[0225| Then, the numbers of the cavities into which the A4erminals of the respective circuits are to be at least partly 
inserted are retrieved based on the circuit Nos. of the fuD-size design information DB1 B, the procedure of inserting the 
terminals into the connector C4 is displayed by moving images and a final display will be as shown in FIG. 38. 
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[0226] A state where the subassemblies, the independent parts and the like are arranged on the harness assembling 
table 216 by the above procedure is represented as 3D moving images. An operation of assembling a similar wiring 
harness on the harness assembling table is observed, data thereof preferably are collected for the traces of operation 
and the operation speed, and the speed of the actual operation and a behavior characteristic of the product shape 
approximate to an actual product are generated as the 30 shape data and simulated. 
[0227] Here, a specific example of the simulation is described. 

[0228] Based on the design information in which the wiring harness as a final product is divided into a plurality of 
subassemblies, the 3D virtual data of all the subassemblies are generated (e.g. by the method as described with 
reference to FIGS. 1 to 13), and ail the 3D virtual data including the harness assembling table and the jigs generated 
based on the full-size design information are displayed (see FIGS. 41 and 42). 

[0229] In the display at this time, the wires are represented one by one as shown In FIG. 41 and the wires, the 
connectors and other components of the same subassembly are or may be displayed in the same color, the different 
subassemblies having different display colors (Individual display mode). Instead of representing the wires one by one, 
aggregates of the wires are or may be collectively displayed as shown in FIG. 42 (collective display mode). Preferably, 
whether the wires are represented one by one as shown in FIG. 41 or collectively represented as aggregates as shown 
in FIG. 42 can be easily selected using a specified selection menu. 

[0230] At this time, if the assembling procedure Is so designed that the subassemblies are assembled in the order 
of Subl, Sub2, Sub3 to form a wiring harness as a final product Cmp, the virtual data of respective subassemblies 
Sub1 , Sub2, Sub3 are displayed in a mree^dimensfonal manner while arbitrarily changing only the coordinate value of 
the vertical axis (Z-axis) of the virtual 3D space as shown in FIGS. 41 and 42. Further, the display order of the respective 
subassemblies Sub1 , Suh2, Sub3 can be freely changed by dragging the images thereof using a pointing device such 
as a mouse 13. Further, the shapes of the respective subassemblies Sub1, Sub2, Sub3 and the detailed shapes of 
the parts forming these subassemblies can be realistically and visually seen in terms of size, color and shape from 
every 3D angle. 

I 0231 ! As a result, the following items can be confirmed or predicted preferably automatically by the visual investi- 
gating method. 

(1) Sizes of the respective subassemblies Sub1 , Sub2, Sub3 

[0232] Normally, there is a limit in the size of the subassemblies efficiently handled by one worker. For example, the 
number of connectors and the number of wires are desirably less than 5 and less than 20, respectively. If the sub- 
assemblies Subl, Sube, Sub3 have excessively targe sizes, it results in a reduced production efficiency. However 
since the forms of att the subassemblies Subl, Sub2, Sub3 can be computed and/or visually seen in detail, it can be 
(automatically) imrnedsately detected if the subassemblies are improper. 

(2) Easiness to lay the respective subassemblies Subt, Sub2,Sub3 

[0233] Thispropertyisanmcexusedtoj 5^ 
on the harness assent ing table 21& The more easily the subassemblies are laid, the better the production efficient 
(performance) can be improved 
[0234] Usiiaifcitisdesiia^ 

path that, for example, returns in an oppositB direction, has an excessively large number of branched pointSy and/or 
has branches extending in many tfrectfons. Such 

or looking at the visua* shapes of the respective subassemblies Subl, Sub2, Sub3. 

[02351 If tr« shapes of the respective subas^ Sub2, Sub3 obtained by dividing the wiring harness into 

a plu raJ ity of sections are pteced one over a^ 

the more overlapping operations have to be done by the worker. This leads to a reduced production efficiency. Thus] 
it is effective to investigate the divided forms such that a total sum of the overlapping paths is minimized Since the 
shape date of the respective 

this embodiment, this investigation can be efficiently made. 

(3) First insertion rate 

P23q Theoretically, the smaller subassemblies the wiring harness is divided into, the more free terminals (Tt, T2 
in FIG. 28) exist These free terminals need to be inserted into the connectors on the harness assembling table 216 
later on (see T1 , T2 in FIG. 37). In other words, when the subassemblies Subl , Sub2, Sub3 are laid on the harness 
assembling table 21 6, the free terminals are caught and/or twisted by the other circuits, the terminals or the U-shaped 
jigs (see Jigl to Jig6 in FIG. 37) if there are many free terminals. Thus, the worker is obliged to correct them, which 
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leads to a fairly poor operability. It is not good in view of quality control since it is a factor to deform the terminals. 
[0237] Since the number of the free terminals can be immediately visually confirmed for each of the subassemblies 
Sub1 , Sub2, Sub3, the subassemblies and the connectors having many free terminals can be pointed out and inves- 
tigation can be concentrated on improvements for them. 



(4) Operation procedure 



[0238J As shown in FIGS. 41 and 42, the respective subassemblies Sub1 , Sub2, Sub3 are placed one over another 
at a position distanced from the position of the 3D shape of the final product Cmp in the assembling procedure decided 
by the process designing. In order to minimize unnecessary operations by the worker, a procedure of successively 
laying the respective subassemblies Sub1, Sub2, Sub3 in one direction, for example, from left side to right side (or 
from upper side to lower side) is optimal. 

[02391 For example, a subassembly Sub1 shown in FIG. 43 is assumed. This subassembly Sub1 has connectors 
C3 to C5 and a free terminal Plato be connected with an other connector C2. 

[0240J Usually, after one end of a circuit a1 1 a is connected with the connector C5, such a free terminal T1 a is mounted 
on the other end of thecircuit a11 a. However, the drcuit connected wim the frro 

C5 in a direction (from right side to left side) opposite from the operating direction from left side to right side 
[02411 In such a case, the operating direction from left side to right side is realized in the subassembly Sub2 by 
connecting the circuit a11 a with the connector C2 of the subassembly Sub1 to change the internal constructions of the 
subassemblies Sub1 , Sub2 as shown in FIG. 44. Alternatively, the connector C6 may be included in the subassembly 
Sub2 instead of being included in the subassembly Sub1 . The constructions of the subassemblies can be easily res- 
tudied in this way. 

[0242| By changing the content of the composition information of the subassembly to a specified content in this way 
such a change is immediately converted into the 3D virtual information and the result thereof is or can be displayed 
on the screen 11. Thus, the subassemblies put in an improper order are immediately pointed out or (automatically) 
detected to study improvements. 

(5) Feedback of a subassembly division change result information to the full-size design information 

P»431 The production designing system (IHS) preferably carries out a unitary administration and a history adminis- 
tration of the generated (inputted) fulHiize design Information, and is linked with various other production administering 
systems for information administrations. According)* if the division of the wiring harness into the subassemblies is 
c^iaiig^ itfe necessary to transmit 

in which a history code information of the fuO-size design irtformati 

[02441 In this case, harness cteslgniTO returns from Step S226 to Step S222 

of the flow chart of FIG. 24 as shown in FIG. 45, Specifically, the subassembly division change result information 
Onputtedby atoperator usinga keyboard and/wa mouse) is obtair^ in Step S227, and this change result information 
is data^onverted into a receivi^ 
is or can be transferred 

[02451 By adopting the above method, the operator can easily change the full-size design information while looking 
at the screen and ac§ustments and changes stidi as an autwhate having no sufficient length 

canbeautornatk^lymaofeb 
Thu^adegreeof perfei^ 

procedures and the harness assembling prowhjre on the beard at an e^ 

products. Therefore, an operation of designing the wiring harness can be made easier by reducing the number of 
productions of the actual trial products and the number of operation steps. 

[02481 Although the virtual data of the respective subassemblies Subl , Sub2, Sub3 are displayed while being arbi- 
trarily moved alorigth^ (Z-axis) of the virtual 3D space as shown in FIGS. 4t and 42 in this embodiment, 
they may be displayed while being arbitrarily moved, for example, in a normal direction to the assembling table 21 6. 
[0247J Accordingly, the wires and the other parts forming the wiring harness as a final product are divided into a 
plurality of subassemblies, the fuiKsize design data including the subassembly information defining 3D shapes of the 
respective subassemblies and of the components thereof is generated, and the generated full-size design data is 
inputted in the computer system in the full-size design data generating step; and the 3D shapes of the plurality of 
subassemblies arecorn^^ 
tabte in the 3D srtape display 

actual trial products of the subassemblies. Therefore, a period necessary to develop a novel wiring harness can be 
considerably shortened, and a degree of perfection of the design plan can be improved at an earlier stage than before 
[02431 Further, since the 3D shapes of the respective subassemblies are made arbitrarily movable in the specified 
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one direction on the harness assembling table, the subassembly assembling order can be so displayed as to be un- 
derstandable at a glance by arbitrarily moving the display position of the subassembly in one direction in accordance 
with the subassembly assembling order. 

[0249] Moreover, since a plurality of wires bundled in each subassembly are individually displayed and all the wires 
and other parts of the same subassembly are displayed in the same display color in the 3D shape displaying step, the 
different subassemblies can be easily distinguishably displayed while specifically displaying the wires one by one. 
[0250] Furthermore, since a plurality of wires bundled in each subassembly are collectively displayed as an aggregate 
of the wires in the 3D shape displaying step, the different subassemblies can be easily distinguishably displayed. 
[0251] Still further, since the individual display mode and the collective display mode are made selective using the 
specified selection menu, two modes which enable the easy distinguishment of the subassemblies can be freely 
changed according to the preference of the operator. 

[0252] Moreover, the on-the-board assembling procedure information defining the procedure of assembling the plu- 
rality of subassemblies on the harness assembling table is inputted between the full-size design data generating step 
and the 3D shape displaying step, and the operation of assembling the plurality of subassemblies is represented and 
displayed by moving images on the image of the harness assembling table having a virtual 3D shape in accordance 
with the procedure defined by the on-the-board assembling information in the 3D shape displaying step. Thus the 
operation process on the harness assembling table can be understood as If ft were actually performed, and such a 
virtual process can be used to study rnprovemerrts in the operation for a better operation efficiency. Therefore a 
plurality of people in charge can objectively inspect whether or not the design plan for the wiring harness assembling 
procedure is optimal and improve if necessary. As a result, an optimal producing procedure can be decided sooner. 
[0253] Moreover, the subassembly assembling procedure information defining procedures of assembling the respec- 
tive wires and the other parts forming the respective subassemblies is inputted between the full-size design data gen- 
erating step and the 3D shape displaying step, and the operation of assembling the respective wires and the other 
parts is represented and displayed by moving images in accordance with the procedures defined by the subassembly 
assembling information in the 3D shape displaying step. Thus, the process of forming the subassemblies can be un- 
derstood as if they were actually formed, and such a virtual process can be used to study improvements in the operation 
for a better operation efficiency. Therefore, a plurality of people in charge can objectively inspect whether or not the 
design plan for the subassembly assembling procedure is optimal and improve if necessary. As a result, an optimal 
producing procedure can be decided sooner. The wiring harness designing system constructed as described with 
reference to FIG. 1 operates on a software program stored in the storage device 15 preferably beforehand. 
[0254] By using the wiring harness designing system, a harness design data A (see, e.g. FIG. 52) which is a 3D 
design data of a win ng harness is displayed in a virtual 3D space displayed 
the virtual assembling of the wiring harness and the 
[0255] Tr« harness design dataAg^nerated by ii^ 

D (see, eg. Fta 52) which is a 3D design data of the assembDng board are at least temporal 
otewce 15. TheboardA^o^ 

these data are collectively narr^ (see Ra 52) corresponding to assi^ 
wiring harness on or above the assembling boan! These assisting jfc 
"system as deserted with reference to FIGS, 16 to 2a 
C°256J Hete^amethod far generating the rramess design data A a^ 

harness design data A is an electronic data of a representation in 3D coordinate systems correspomfirtg to a two- 
dimensional &D) electronic data used when the wiring harness is produced on a 2D board 
The harness oe^ 

branched portions of the wiring harness and the mount positions of connectors are designed based on the above 2D 

electronic data in the wiring harness desigrrfng system 

formofa2Detectrorocoatausii^ 

of the wiring harness on the assembling board. 

[0250) r^intrmcomputerr^ 

2D electrons; data is added to the 2D elects resulting data is stored as the harness design data A in 

the storage device IS At least part of the 2D electronic data may be mar^ly inputted to 
using the ir^ devices 14. Alternative^ 
CAD system may be transferred 

as a magnetic disk, CD-ROM, floppy disk, DVD, magneto-optical disk, or the like. 

[0259J Here, pieces of information to be inputted as the 2D electronic data include a 2D coordinate information of 
nodes n01ton20 for specifying the shape of the respective wires forming the wiring harness on the assembling board 
as shown in FIG. 3, a wire Onk information on finks of the respective nodes n01 and n20, and an information on diameters 
rOI to r!4 of the wires linking the nodes nOI ton20. 

[0260] Further, in order to enable realistic deformation of the respective wires of the wiring harness in a step of 
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deforming the harness design data A to be described later, each wire 21 having a center axis 21 a as shown in FIG 4 
is divided along its longitudinal direction into a plurality of short wire segments or elements (joints) 22 having a length 
"a- as shown in FIG. 5, and the length "a" of the respective wire segments 22 is also inputted, considering that the 
respective wires 21 are deformed with the wire segment 22 as a unit. The length "a" is desirably between about 5 mm 
to about 15mm, preferably about 1 0 mm. The respective wire segments may be equal or different The wires 21 having 
a length L are finery divided into a plurality of short wire segments 22. 

[0261] Further, a weight data of a plurality of wires forming the wiring harness is also inputted (as described later) 
This weight data is a parameter representing a degree of difficulty to deform the respective wires in the harness design 
data deforming step to be described later. The larger the value of the weight data, the more difficult to move the wire 
when deforming or bending it. Further, for a deformation to curve the wire, as the value of the weight data increases 
the wire is more likely to be curved in its entirety instead of being deformed only at a point of deformation. Such a 
weight data may be empirically obtained or obtained by means of a numerical simulation (e.g. based on a mathematical 
relaxation method)according to the diameters of the wires, the wire material, the coating material, the wire structure 
and other factors. 

[0262] 3D shape data of accessories (connectors 18 (see FIG. 3), clamps, and covering parts (such as protectors, 
vinyl tubes and corrugate tubes), etc.) to be mounted on the wiring harness are generated as accessory data before^ 
hand, and are p^^t* 1 **^^ <w h»« «ihmu>*iiim* »jmi*u»a _ — t — _ - -» _ »- * . . 



the wire path of the wiring harness is formed. In this way, the harness design data A is completed. 
[0263] As such a harness design data A Is generated, the assembling board used to assembling the wiring harness 
corresponding to the harness design data A Is also designed using the wiring harness designing system. 
[0264] Here, in general shape representation by the harness design data A, the individual wires 21 or the respective 
wire segments 22 of an aggregate of a plurality of wires (wire bundle) are represented, for example, using cylindrical 
shapes as shown in FIGS. 4 and 5 or other shapes such as those having quadratic, rectangular, elliptical etc cross- 
section.. 

[0265] Specifically, as shown in FIG. 6, a vector S extending in a direction passing the center of a cylinder and having 
a length Is defined for a data of the wire segment 22 having a length "a". The vector S can specify a single absolute 
position and a twisting degree by specifying a direction Information and a length information in a 3D space defined by 
x-axis, y-axisandz-exis, and an angle of rotation information from a refers 

centered on the axis of the wire) between this wire segment and the other wire segment adjacent thereto. 
[0266] The data of the individual wire segments 22 are so displayed as to be continuously connected with each oth er 
(continuous connection). Here, a method of continues connection Is, as shown in FIG. 7, such that the coordinates of 
end points of center axes 23a, 23b are caused to coincide in the case that wire segments 22a, 22b are to be connected 
[02671 The thus generated harness design data A Is three-dtmenslonally def ormable in the virtual 3D space using 
the input device 1 4 such as the mouse t3» By using this characteristic, an operation of laying (or mounting) the wiring 
namessinavehfctebodycanbevi^ 
the virtual 3D space. 

[0268] Accordingly, in this wiring harness designing system, the following processing may be preferably performed 
to enable the representation of a fteribte chafacteristie as Mended by the operas 
[0269] Therea>e*ltionetth^ 

Le. vectors S * k »> In the 3D space as described above^ A variable 9 denotes a tw^ 
continuous wire segments 22a, 22b as shown in Ra a Atthmigh vectors am 

FIG. 8 in order to facflftate the description, the same applies to the 3D coordinate systems additionally having z-axis. 
Forexarnpte^the vectors Soffive wire segments 22 have the fdlowirig values in FIG. a 

vectorSt=(X1,Yt,Z.e) 

vector S2 = (X2, Y2, Z, 0) 

vector S3 =(X3,Y2,2, 0) 

vectorS4 = (X4, Y1,Z,0) 

vector S5 = (X5,0,Z,9) 
[OflTOJ AftersettingthevectorsSasabove,anen^ 
spedal operation of the mouse 13ca^ 
input device 14 such as the mouse 13. 

[02711 Even in such a case, the continuous wire segments 22a, 22b are held connected with each other at a con- 
nection point 24 thereof, for example, as shown in FIG. 7. Thus, if the position of the end point of the wire segment 22 
is moved, it results in the representation of a curve of the wiring harness due to the continuous connection. In other 
words, if a tension is exerted on one of the continuous wire segments 22, the other wire segment 22 is dragged A 
movement vector of the other wire segment at this time Is set by a specified operational equation based on an empirical 
rule so as to depend on a change vector of the connection point with the one wire segment. By such a processing, the 
wiring harness can be deformed without losing an information on the continuity of all the wires. 
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[0272] However, in the case that the position of point (X5, 0) in FIG. 8 Is, for example, moved by means of the input 
device 14 such as the mouse 13, an influence of such a movement on the other connection points differ in degree. In 
other words, the connection points closer to the point moved by the input device 14 such as the mouse 13 are moved 
more than those more distant therefrom. Here, it is assumed that values of the vectors S after the change of the 
positions of the respective connection points are as follows. 

vector S1 = (XI, Y1,Z, 91) 

vector S2 = (X2, Y2.Z, 82) 

vector S3 = (X3, Y2, Z, 83) 

vector S4 = (X4,Y1,Z, 84) 

vector S5 = (X5,0,Z, 85) 

where 81 < 82<83<84<85. In this way, the curved shape of the wiring harness can be represented by both the 
absolute coordinates and the twisted angles, and flexible representation such as a deflection can be freely made It 
should be noted that a relationship of 81 to 85 is set beforehand based on an empirical rule or the like and is defined 
beforehand as a software program implementing the operations of the wiring harness designing system. 
10273] For the mutual influences of the different wires in the wiring harness, the weight parameters representing 
difficulties of the respective wires to deform are considered. Specifically, using a specified operational equation, the 
larger the value of the weight data of the wire, the smaller amount of movement is made during the deformation. Further 
concerning the curve of the wire, as the value of the weight data of the wire increases, the wire is more likely to be 
moderately curved in its entirety instead of being deformed only at a point of deformation. 

[0274] The thus constructed harness design data has, for example, a data configuration Z as shown in FIG. 52. A 
data item H1 in this data configuration Z includes an information on the numbers of the respective nodes provided at 
specified intervals along the wire path of the harness design data; and a data item H2 below the data item H1 includes 
an information on the coordinates of the corresponding nodes in the virtual 3D space. 

[0275] Data items H3 to H10 include pieces of information on the accessory data of the accessories to be attached 
to the harness design data. The data item H3 includes part codes for specifying the accessories; the data Item H4 
includes a span or segment or element information of the accessory data; the data item H6 Includes an Information on 
the 3D shapes of the accessory data; the data tern H7 Includes an information on the coordinates of mounting origins 
as references for specifying the display positions of the accessory data in the virtual 3D space; and the data item H5 
Includes an information (information on unit vectors for specifying a mounting method) forspecifylng a display direction 
when the accessory data is Displayed in the virtual 3D space. Data items H8 to H10 include pieces of information on 
how the accessory data is displayed (e.g. display specifications H8, display designs H9 and display colors H10). 
[02761 Data Hems H11 to H15 include pieces of information on the respective pieces of span information correspond- 
ing to the wire path of the harness design data. The data item H1 1 includes an information for specifying the corre- 
sponding spans in the harness design data A (v^ 

item H12 Includes an information on tfie o^ackJresses of the wire segments 22 

data item H13 includes an iftformatkm for specifying the display coordinates and display methods (directions) of the 
respective wire segments 22 in the virtual 3D spa** the o^ 
the respective sparts; and the o^it^ 
or wire segmerte 22 or on to 

by the respective spans. The harness design data A may comprise 

pitted p referably by means of a method or system as described with reference to FIGS- 24 to 51 ^ 
[02771 fntrjewirirtg harness design^ 

configured as above is displayed in tte while being preferably 

superimposed cm the boarf 

partly changed by an input made by the designer viator 

corresponding to a content of the change is automatically corrected; and a connection result is automatical ly reflected 
on Disp lay contents of the display devtett and stored corrterite^ 
[02781 There are roughly two display mod» 
whk*>thedataisdevek>pedin^ 

deformed or displayed as shown in FIG. 54 so that e.g. in the configuration in which the wiring harness can be laid in 
a vehicle body. 

[0279] The harness design data A of the Display mode shown in FIG. 53 corresponds to a state where the wiring 
harness is laid on or above the assembling board (including the jigs), and is used to attain various Improvements for 
better productivity and quality of the wiring harness and to verify, for example, whether or not the assembling operation 
holds. In Fia 53, identified by C1 to C5 are the accessory data of the connectors (merely "C when they are collectively 
named). Although the harness design data A is displayed while being superimposed on the board design data corre- 
sponding to the assembling board in the example shown in FIG. 53, the display of the board design data can be deleted 
depending on setting. The board design data D including possible assisting jig data E may be preferably generated by 
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means of a method or system as described with reference to FIGS: 1 6 to 23. The harness design data A of the display 
mode shown In FIG. 54 is used for the verification of the mounted state of the wiring harness. 
[0280] First, a case where a change is made to the harness design data A of the display mode shown In FIG. 53 is 
described. For example, If a length between points P1 and P2 in a main part corresponding to the wire path of the 
harness design data A shown in FIG. 53 is changed by an instruction Inputted e.g. by a designer via the input device 
t4 (e.g. designation of a section whose length is to be changed, a designation of an amount of change, etc.), a correction 
is made by the corresponding processing of the computer main body 1 6 by moving the coordinates in the virtual 3D 
space of an end section of the harness design data A located more toward a corresponding end than the changed 
section when viewed from a reference portion F as a reference of the harness design data A according to a changed 
amount of the length without changing the 3D shape of this end section (parallel movements, rotational movements 
and combinations of these movements) as shown in FIG. 55. Here, which section of the harness design data A is set 
as the reference portion F can be arbitrarily changed by the instruction inputted via the input device 14. For example, 
the origin coordinate position in the middle of the harness design data A is set as the reference portion F. 
(02811 As the end section of the harness design data is moved, the coordinates of the corresponding assisting jig 
data E6 to E8 included In the board design data D are moved according to the amount of the change in the length for 
corrections by the processing of the computer main body 16. These correction results preferably are immediately 
reflected on the display contents of the display device 11 and the stored contents of the storage device 1 5 
[0282] Such a change in the length of a section of the harness design data A is or can be made by inputting an 
Instruction via the input device 14. There are a method for changing the length by increasing or decreasing the number 
of the wire segments 22 included in that section as shown in FIG. 56 and a method for changing the length by increasing 
or decreasing the length "a* of ail or some of the wire segments 22 inducted in that section. Which method is adopted 
to change the length is selected by the designer. 

[0283] Next, a case where a change Is made to the harness design data A of the display mode shown in FIG. 54 is 
described. For example, in the case that the length and path shape (including a twisted degree) of a section between 
points P11 and P12 of the main part of the harness design data A are changed e.g. by an Instruction Inputted by the 
designer via theirtput device 14 as shown in FIG. 57, a correction preferably is automatically made by the corresponding 
processing of the computer main body 16 by moving the coordinates in the virtual 3D space of an end section of the 
harness design data A located more toward a corresponding end than the changed section when viewed from a ref- 
erence portion F according to a changed amount of the length and a changed content of the path shape without changing 
the 3D shape of this end section. This correction result preferably is immediately reflected on the display contents of 
the display device Hand the stored contents of the storage device 15. 

[0284] Contents to be changed tor the harness design data A include changes in the accessory data. For example 
since the types of the assisting jigs on the assembling board to be used may differ depending on the types of the 
connectors, the accessory data C of a plurality of types of usable connectors are stored in correspondence with at 
least orte type of assisting jig data E applicable for the accessory data C. Accordingly, if the designer changes the type 
of mo accessofydaraCcftrm connector, an information on the assisting jig data E applicable for the accessory data 
C after suchachange is read from the stor^ )Nhen 
the designer selects a desired assisting fg date E from this ^ 
is replaced by the selected assisting jig date 
cfispfay device tt and the stored content of the storage device 15. 
[0285] Asamodifk»tion r when 

16may automatically select the assisting date E optimal!* 
the old assisting jig data E thereby 
[0286] to the storage otevice 15 are 
ration (&g. date cor^ 

A basic harness design date A (e.g. harness design data A of FIG. 53) developed in a plane, and a harness design 
date A (e.g» harness design date A of FIG. 54) generated by the bask: harne^ 

as described above and corresponding to a layout in a vehicle body are, for example, set as a plurality of harness 
design date A related to each other. If n 

while the planar or 2D shape of the basic harness design date A Is transitioned to the 3D shape of the latter harness 
design date A may also be set 

[02871 If any one of the plurality of harr^ofes^ ag> inputted via the 

input device 14 as mentioned above, a section of this one harness design data A relating to a content of the change 
is automatically corrected, and toe content of the change and a content of the automatic correction are automatically 
reflected on the other harness design date A related to this one harness design date A. 

[0288] A spedfk: example of such a correction In the case that the harness design data of FIG. 53 and 

that of Fia 54 are related to each other, if the length between the points PI and P2 is changed for the harness design 
data A of FIG. 53 as shown in FIG. 55 by an instruction inputted via the input device 14, the harness design data A of 
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FIG. 53 is automatically corrected according to the content of such a change; the length of a section of the harness 
design data of FIG. 54 corresponding to the section between the points P1 and P2 is automatically corrected by the 
same amount of change as that of the harness design data A of FIG. 53; the coordinates of an end portion of the 
harness design data A located more toward a corresponding end than the changed section when viewed from the 
reference portion F are automatically corrected by being moved according to an amount of the change in the length 
without changing the 3D shape of this end section. 

[0289] Another specific example is such that, in the case that the accessory data C of connectors, covering parts 
(protectors, etc.), clamps and the like attached to the harness design data A of FIG. 53 is changed (the type of the 
accessory is changed, the mount position is changed, the accessory is added or deleted, etc.) by an instruction inputted 
via the input device 14, the content of such a change is automatically reflected on the related harness design data A 
of FIG. 54. 

[0290] As described above, according to this embodiment, when the designer partly changes the harness design 
data A e.g. via the input device 1 4 (e.g. the length or path shape of the section is changed), a correction is automatically 
made, for example, by moving the coordinates according to the content of such a change for the corresponding sections 
of the harness design data A and the board design data D which are related to the content of the change of the changed 
section, and the correction results are automatically immediately reflected on the display contents of the display device 
11 and the stored contents of the storage device 15. Thus, it is not necessary for the designer to correct ail the data 
related to the content of the change via the input device 14, and the forms of the harness design data and the like A 
after the change can be immediately confirmed. As a result, the wiring harness can be more efficiently designed 
[0291] Further, if any one of the plurality of harness design data A related to each other is partly changed by an 
Instruction inputted via the input device 14, a section of this one harness design data A corresponding to the content 
of the change is automatically corrected, and the content of the change made in this one harness design data A is also 
automatically reflected on the other harness design data A related to this one harness design data A. Thus the plurality 
of related harness design data A can be easily changed at once. 

I 0292 ! Furtner > ***** tne Plurality of related harness design data A have the common data configuration, if any one 
of the harness design data A is partly changed by the designer, corresponding sections of the other harness design 
data A can be easily automatically changed and data administration such as data renewal (including corrections) and 
deletion can also be easily performed. 

[0293] Furthefmore, since the main part of the harness design data A corresponding to the wire path is formed by 
connecting a plurality of wire segments 22 along the wire path, the length of a specific section of the main part or the 
wire path can be easily changed by Increasing or decreasing the number of the joints in this specific section or increasing 
or decreasing the length of the joints in this specific section, and a deformation characteristic and the like of real wires 
can be realistically represented. 

[0294] According when the designer partly chan9es the harness design data via the input means, the section of 
the harness designed related to the com corrected and the correction result is 

automatically reflect 

Thus, it Is not necessary tor the designer to conect all the date related to the cwrte^ 

me rtamess design date after tr^ harness can be more 

efficiently designed 

[02951 Further, the harness design cfate is changed, the wiring harness designing system automatically corrects 
the section of the harness design 

[0296] Moreover, if the length or path shape of the section of the harness design data is changed a correction is 
atitomatk^ madeby rnovingtte 
located more toward the comsspo^ 
harness design date accord 

of the path shape without changing the 3D shape of the end section. 

[02971 Thus, if the terigm or r^ shape of trie* harness design date is changed, a correction is auto- 

matically made by moving the coordinates in the virtual 3^ 

more toward the corresponding end than the changed section when viewed from the reference portion of the harness 
design data and the coordinates of the assisting jig date included in the board design data and corresponding to the 
end setfon of the harness design 
the changed content or the path shape. 

[02981 Further, if the accessory data included in the harness design date is changed, the assisting jig date included 
in the board design data and related to the accessory data is automatically corrected. 

[02991 Still further, if any one of the plurality of related and stored harness design date is partly changed by the input 
made via the input means, the section of this changed harness design date related to the content of the change is 
automatically corrected, and the content of the change made in the changed harness design date is automatically 
reflected on the other harness design date related to the changed harness design date. Thus, the plurality of related 
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harness design data can be easily changed at once. 

[0300] Further, since the plurality of related harness design data have the common data configuration, if any one of 
the harness design data is partly changed by the designer, the corresponding sections of the other harness design 
data can be easily automatically changed and the data administration such as data renewal (including corrections) and 
deletion can also be easily performed. 

[0301] Moreover, since the main part of the harness design data is formed by connecting a plurality of joints along 
the wire path, the length of a specific section of the main part or the wire path can be easily changed by increasing or 
decreasing the number of the joints in this specific section or increasing or decreasing the length of the joints in this 
specific section. 

[0302| Reference is made to FIG. 1 and to the corresponding description for a block diagram of a wiring harness 
designing system to which a wiring harness designing method according to one preferred embodiment of the present 
invention is applied. 

[0303] By using these hardware sources 11 to 1 6 in combination (the display devce 11 , the Input means 14 (including 
the keyboard 12 and the mouse 1 3), the storage 1 5 and the computer 1 6 including a CPU), the wiring harness designing 
method according to this embodiment can be realized. Such a wiring harness designing method is specified by the 
software program stored in the storage device 1 5 beforehand. 

[0304] FIG. 58 is a flow chart showing a process of designing a wiring harness assembling board and a wiring harness 
by the wiring harness designing method according to this embodiment 

[0305] Similar to the process described with reference to FIG. 24, first, a client such as a car manufacturer or an 
appliance manufacturer written in Step S201 of FIG. 58 drafts a design drawing of a wiring harness divided according 
to the type of an object (automotive vehicle, electric appliance, etc) and according to sections (Step S202) At a later 
stage, a wiring harness is designed for each type and for each section. This design drawing includes an information 
on the specifications of various parts such as etectnc circuits, wires and accessories. An information output form of 
the design drawing to be drafted includes an electronic information of two-dimensional (2D) or 3D coordinates and a 
drawing printed as a plan based on the electronic information. 

[0306] Subsequently, in Step S203, the electronic information obtained in Step S202 is so converted as to have a 
data format suited to a computer software program called IHS (wiring harness production designing system). 
[0307] in Step S204, the wiring harness is designed on the computer by a skilled operator and a full-size production 
design drawing (fulktfze drawing) is drafted (Step S205). This full-size drawing is a simulation corresponding to the 
wiring harness on the assembling table shown in FIG. 8 and is, for example, a drawing in 2D coordinate system This 
fui^size drawing includes an ^formation on circuits 11 each of which is one wire or an aggregate of a plurality of wires, 
an fnforrnabon of terminate such as connectors and ground terminate, an information on various accessories including 
protecting members or covering parts such as damps, clips, tubes, taping and protectors, and an information on various 
dimensions and tolerances necessary for the production in a 2D space assuming the surface of the assembling table 
[0308] In Sep S206, afuik>ize drawing design data for the full-size drawing drafted in Step S20S is sampled. 
[0309] Hen^tr^fuiKsizecfrawir^ 
passfnooteiitfbrmat^^ 

hon on accessories to be connected with some of the nodes (part information). 
[O3101 Spec^ly, the node infbmiath^ 

[0911] The span infomtatkm mdudes the nuinbeis of the nodes connected wim each 

harness, and the coordinates of passing prints arid bemfing points. 

0*12] The part infernal 

antaformationonmenarnetf 

Directions of the parts. 

[03*3] Other pieces erf information^ 

construction information and a circuit processing information. 

[0314] m succeeolng Steps S207 and S208, a 3D wire path data (3D design data) is generated using the wiring 
harness designing system of RG. t based on these pieces of information. 

[0315] First, in Step S207, the wiring harness designing system receives a 2D full-size drawing design data obtained 

in Step S208 as a fui^size drawing information. 

[0316] Then, in Step S208, the 3D design data is generated. 

[0317] Hen^the3Ddes^dataisaneiectronk: 

a wiring harness on a two-dimensional assembling board in the 3D space. 

[0318] First, after dimensions such as lengths between the branched portions of the wiring harness and the mount 
positions of connectors are designed based on the above 2D electronic data (including the full-size information), a 2D 
drawing (plan) of the wiring harness is generated in the form of a 2D electronic data using a design assisting software 
program such as a CAD, considering actual production of the wiring harness on the assembling board. 
[0319] Next, in the computer main body 16, a coordinate axis (z-axis) normal to a coordinate plane of the inputted 
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2D electronic data is added to the 2D electronic data, and the resulting data is stored as a 3D design data in the storage 
device 1 5. The 2D electronic data may be manually inputted to the computer main body 1 6 using the input devices 1 4. 
Alternatively, the 3D electronic data generated by an other CAD system may be transferred to the computer main body 
1 6 via communication or a specified storage medium such as a magnetic disk. 

[0320] Here, pieces of information to be inputted as the 2D data include a 2D coordinate information of nodes n01 
to n20 for specifying the shape of the respective wires forming the wiring harness on the assembling board as shown 
in FIG. 3, a wire link information on links of the respective nodes n01 and n20, and an information on diameters r01 to 
r14 of the wires linking the nodes n01 to n20. 

[0321 ] Further, in order to enable realistic deformation of the respective wires of the wiring harness In a 3D design 
data deforming step to be described later, each wire 21 having a center axis 21a as shown in FIG. 4 is divided along 
its longitudinal direction Into a plurality of short wire segments Ooints) 22 having a length "a" as shown in FIG. 5, and 
the length "a* of the respective wire segments 22 is also inputted considering that the respective wires 21 are deformed 
with the wire segment 22 as a unit. The length V is desirably about 10 mm. The respective wire segments may be 
equal or different The wires 21 having a length L are finely divided into a plurality of short wire segments 22. 
[0322] Further, a weight data of a plurality of wires forming the wiring harness is also inputted (as described later). 
This weight data is a parameter representing a degree of difficulty to deform the respective wires in the 3D design data 
deforming step to be described later. The larger the value of to weight data^ 

deforming it Further, for a deformation to curve the wire, as the value of the weight data increases, the wire is more 
likely to be curved in its entirety instead of being deformed only at a point of deformation. Such a weight data is em- 
pirically obtained according to the diameters of the wires and other factors. 

[0323] 3D shape data of accessories (connectors 18 (see FIG. 3), clamps, and covering parts (such as protectors, 
vinyl tubes and corrugate tubes), etc) to be mounted on the wiring harness are generated preferably beforehand, and 
are assigned to corresponding sections or e^ 

forming the wire path of the wiring harness is formed In this way, the 3D design data is completed. 
[0324] As such a 3D design data is generated, preferably by use of a wire harness designing method or system as 
described with reference to FIGS. 1 to 8 and 52-67, the assembling board used to assemble the wiring harness cor- 
responding to the 3D design data is also designed using the wiring harness designing system. 
[0325] In Step S209, an investigation is made on an operation of designing the wiring harness assembling board 
and an operation erf assembling (laying) the wiring harness based on the 3D design data of the wiring harness generated 
in Step S208 and the assembling board data. The investigation results are fed back to the client of Step S201 or the 
harness designing step of Step S204, and the wiring harness designing step is restudied and corrected. 
[0326] FIG. 59 is a flow chart showing a virtual harness laying operation according to the wiring harness designing 
method of this embodiment 

PM7J tn Step S411. a reference layout data is friptitted to trie computer main body 16. 

[0328| Here, the reference layout data is an electron* data (3D e!e<*ron^ 

ina3Dspacemodelirigtrm wrote 

tor a wire layout object such as an automate vehi^ 

various parte in the wiretap 

that time and a coordinate Wbmi^km erf vertex 

electronic data as a 3D drawing using a design assisting software programs 
is inputted to the computer main bocfr 16 and stored In the storage 
used rtem may be implemented on 

the wiring harness in this case may be manually inputted by means of the input devices 14. AJtematively, the 3D 
electronic data generated in the other CAD system rr^ bet 
or a specified storage metfium such as a magnetic risk. 

[0329) In Step S2Q2, the reference layout data inputted is plotted in a virtual 3D space to be tftree^imensionaJly 

displayed on the display device 11. tn this virtual 3D space, a virtual viewpoint can be changed, for example, in ao 

cordance with an operation of the input device 1 4 such as the mouse 13. 

P»30) This reference layout data represente a background image wr^ 

In order to distinguish this data from the 3D design data, the virtoai 3D displayed 

reference layout data is made, for example, in achmmatic color. 

[03311 Then, the 3D design data generated in Step S208 is disptayed in the 3D space while being superimposed on 
the reference layout data. 

[0332] Here, in general shape represertetion by the 3D d^ or the respective wire 

segments 22 of an aggregate of a plurality of wires (wire bundle) are represented, for example, using cylindrical shapes 
as shown in FIGS. 4 and 5. 

[03331 Specifically, as shown in FIG. 6, a vector S extending in a direction passing the center of a cylinder and having 
a length is defined for a data of the wire segment 22 having a length m a\ The vector S can specify a single absolute 
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position and a twisting degree by specifying a direction information and a length information in a 3D space defined by 
x-axis, y-axis and z-axis, and an angle of rotation information from a reference point by a twisted angle (angle of rotation 
centered on the axis of the wire) between this wire segment and the other wire segment adjacent thereto. 
[0334J The data of the individual wire segments 22 are so displayed as to be continuously connected with each other 
(continuous connection). Here, a method of continues connection is, as shown in FIG. 7, such that the coordinates of 
end points of center axes 23a, 23b are caused to coincide in the case that wire segments 22a, 22b are to be connected. 
[0335] The entire 3D design data is moved within the virtual 3D space using the Input device 14 such as the mouse 
13 to adjust an overall positional relationship between the 3D design data and the reference layout data. Step S412 
is ended when the 3D design data is adjusted (positioned) to a position considered to be desirable by an operator. 
[0336] In Step S413 (3D design data deforming step), the operator manually deforms the shape of the wire 21 rep- 
resented by the 3D design data using the input device 14 such as the mouse 13 so that this shape coincides with the 
image of the reference layout data displayed as a background image. 

[0337] tt is not impossible to represent the flexibHity of the wire segment 22 by a data using a function of a usually 
used 3D simulation system. However, because such an operation is quite cumbersome, the result of the operation 
may not necessarily reflect the operator's intention. 

[03381 Accordingly, in this wiring harness designing system, a processing can be performed to enable the represen- 
tation of a flexible characteristic as intended by the operator, which is similar to the processing described regarding 
the 3D virtual assembling system and method wfth reference to FIG. 8. 

B»39] Often, the wiring harness is comprised of not only an aggregate of the wires, but various covering parts (e.g. 
vinyt tubes, corrugate tubes, various taping, etc) 26 are also mounted around the wires 21 as shown in FIG 9. Accord- 
ingly, the shapes of these covering parts 26 need to be represented in association with the shape data of the wires 21 . 
[03401 As described above, in Step S413, the deformation results of the 3D design data of the wires 21 are displayed 
on the display device 11 while being superimposed on the image of the reference layout data displayed as a background 
image, and a degree of coincidence or a degree of discrepancy of the two images is visually confirmed. 
P*341] In Step S414, the compatibility of the reference layout data and the deformed 3D design data is preferably 
investigated based on the deformation result of the 3D design data and the displayed content in Step S41 3, and whether 
or not there is any problem in the wire harness laying operation virtually performed in Step S413 is investigated The 
investigation results are fed back to the client of Step S201 and the harness designing step of Step S204 and the 
wiring harness designing step is restudied and corrected. 

[03421 For example, if loosening of an image of the 3D design data with respect to an image 28 of the reference 
laycwt data as a background ima^ FIG. 12, it means that this wire is excessively long 

[03431 Further, if a branch wire 29a of the 3D design data is drawn out from base wires 28, 29 in a direction opposite 
from the one In whW> a branch wire 28a o^ image is drawn as shown in 

BG. a design change is so made as to change a fbrrrrirg direction of the to 

[03441 Other probierrsinc^ 

firmed using the cfisplay result or content on thedisptay device 11. 

P045| In the wiring harness designing method according to this preferred embodiment a plurality of 3D design data 
hatfngacorrwriondatacorr^^ shapes are generated by three- 



on the cfisplay devtearrt stored to being formed Into the database, and any one of the 

plurality of stored 3D design data is selected and displayed in the vimial 3D space via tte 
[0946| Specified!* the basic 3D d^ 

gonds to a layout of the wiring harness on the assembling board (including the jigs), and is used to attain various 
irnprovemerrts tor better productive and quaJi^ct the wiring harness at the production of the wiring harness and to 
verify, tor example, whether or not the assembling operation holds. Thus, as shown in FIG. 60, the 3D design data A' 
germratedinStepS208hasaform FIG. 60, identified by C1 to C5 are 

connectors. Although the 3D design data A* is dtepJayed while being superimposed on an assembly board 31 in an 
example of FIG. 60, the display of the assembling board can be deleted depending on setting. 
[03471 On the other hand, a 3D design data Br (see FIG. 61) corresponding to a layout in a vehicle body which data 
Is operated by three<fimensk>naJly deforming the basic 3D design data A' so as to follow along the layout path of the 
reference layout data is used to verify, tor exarr^ the rrounted state of the wiring harness. 
[03481 These 3D design data A', B have a common data configuration Z having a data compatibility for example 
as shown in FIG. 62, are related to each other and stored in the storage device 15 while being formed into a database! 
The contents of the data configuration 2 is briefly described with respect to the 3D design data A'. A data item HI 
includes an information on the numbers of the respective nodes provided at specified intervals along the wire path of 
the 3D design data A*; and a data ftem H2 below the data item H1 includes an information on the coordinates of the 
corresponding nodes in the virtual 3D space. 
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[0349] Data Items H3 to H1 0 Include pieces of information on the accessory data which Is an accessory design data 
to be attached to the 3D design data A\ The data item H3 includes part codes for specifying the accessories; the data 
Item H4 includes a span information of the accessory data; the data item H6 includes an information on the 3D shapes 
of the accessory data; the data item H7 includes an information on the coordinates of mounting origins as references 
for specifying the display positions of the accessory data in the virtual 3D space; and the data item H5 includes an 
information (information on unit vectors for speciiying a mounting method) for specifying a display direction when the 
accessory data is displayed in the virtual 3D space. Data items H8 to H10 include pieces of information on how the 
accessory data is displayed (e.g. display designs and display colors). 
[0350] DataitemsHU to H15 include pieces of information on the respect!^ 

ing to the wire path of the 3D design data A 1 . The data item Ht 1 includes an information for specifying the corresponding 
spans in the 3D design data (including an information on the corresponding node numbers); the data item H1 2 Includes 
an information on the data addresses of the wire segments 22 (joints) of the respective spans; the data item H13 
includes an Information for specifying the display coordinates and display methods (directions) of the respective wire 
segments 22 in the virtual 3D space; the data Item H14 includes an information on the diameters of the respective 
spans; and the data item H15 includes an information on the length (interval) "a" of the respective spans. A data item 
H16 includes an information on the circuits formed by the respective spans. 

[0351J Further, In this ernbodment, at least one (here, there) 3D design data P having intermediate shapes (see 
FIGS. 63(a) to 63(c)) created during a shape transitioning process of generating the 3D design data & by deforming 
the 3D design data A' in Step S413 are suitably stored in the storage device 1 5 as process shape data representing 
the shape transitioning process according to an instruction inputted by the designer via the input device 14. These 3D 
design data of intermediate shapes have the data configuration 2 common to the aforementioned 3D design data A\ 
B 1 and stored in the storage device 15 while being formed into a database. 

[0352J Here, the 3D design data A 1 , B\ E are formed into data files 21 , 22, ... for each data as shown in FIG. 64 and 
stored in the storage device 15 with identification data (here, identification numbers of, e.g. No. 1 , No. 2, ...) affixed 
thereto. Since the respective 3D design data E?, Pare generated by three-dimensionaJly deforming the basic 3D design 
data A\ the data items HI to H16 of the data configuration 2 which have different data contents among the respective 
3D design data A', B\ P are only those concerning the wire segments 22 (joints), the display positions of the parts and 
the Gke (coordinates) and the directions (eg. H2, H5, H7, H13) in the virtual 3D space. 

[03531 & the identification numbers corresponding to the 3D design data A\ B 1 , P to be displayed on the display 

device 11 are inputted via the input device 14, the 3D design data A 1 , B\ P corresponding thereto are read from the 

storage device 15 and preferably displayed in the virtual 3D space via the display device 11 . 

[03541 Thus, contimtacrftheotesip^c^ data A . B . e displayed 

on the display device 11 from one to another by inputting the identification numbers correspondina to the 3D deskm 

o^AVBr r Pofesiredtobe<fisplayedL ^ 

[03561 Further,inthisembocfi^ 

shapes and the 3D desto^ o^Bfrepfesefrt^ 

tathevirtual3Dspaceviatte 

a specified insDuction 

be preferably adjusted by an instruction inputted via the input device 1 4. 
[03561 Hefe,arnethodfbrseffingto 

device 11 is described. For example, In the case of the 3D design data A\ a position indicated by an arrow D in FIG 
60 is determined as data origin coordinates, arid the 3Dote 

reference position (for example, center position) within the virtual 3D space. In other words, the coordinate positions 
of the respective sections of the 3D design ofeteANsesp«^ 
coordinates as a reierence peint Sl^ 

with respect to the set data original coordinates in the case of the other 3D design data B" as weil. 
[03571 Further, in this embodiment, if any one of a plurality of 3D design data AYB?, P is partly changed eg. by an 
instruction inputted via the input device 14, a content of the change is automatically reflected on the others of the 
plurality of 3D design data related to the changed 3D design data by the processing of the computer main body 1 6 
flHSai One specific example is as follows. If the length of a section of the 3D design data A* is changed by an 
instruction inputted via the input device 14, the lengths of sections of the other 3D design dataB\P corresponding to 
the length-changed section are automatically changed according to an amount of the change in the length made in 
the 3D design data A' by the processing of the computer main body 16. Another specific example is as follows. If the 
accessory date of the connectors, covering parts (such as protectors), the clamps and the like attached to the 3D 
design data A' is changed (the type of the accessories are changed, the set positions thereof are changed added and 
deleted, etc.) by an instruction inputted via the input device 14, a content of the change is automatically reflected on 
the other 3D design data B\ P. 

[0359] As described above, according to this embodiment, a plurality of 3D design data BT, E' of different 3D shapes 
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generated by deforming one kind of 3D design data A' of the wiring harness in the virtual 3D space are stored together 
with the 3D design data A 1 in the storage device 15 while being formed into the database, and any one of the plurality 
of 3D design data A\ B\ P is selected and displayed in the virtual 3D space via the display device 11 . Thus, the 3D 
design data A\ BT, P displayed in the virtual 3D space can be easily switched to the other 3D design data A\ B\ P. 
Therefore, the contents of the design can be inspected while switching the 3D design data A', & t P displayed in the 
virtual 3D space, thereby making the wiring harness designing operation and the like more efficient 
[0360] Particularly, the basic 3D design data A' developed in a plane is suitably used to attain various improvements 
for better productivity and quality of the wiring harness at tr» production of the wiring harness and to verify, for exarr^te 
whether or not the assembling operation holds, and the 3D design data B* representing the layout In the vehicle body 
is suitably used to inspect the layout of the wiring harness in the vehicle body. Thus, the designing operation can be 
made even more efficient by making verifications and inspections while switching the 3D design data displayed in the 
virtual 3D space between the baste 3D design data A and the 3D design data B* representing the layout in the vehicle 
body. 

[0361] If arty one of the plurality of 3D design data A', B\ P which are stored while being related to each other is 
partly changed by an Instruction inputted via the input device 14, a content of the change made in the changed 3D 
design data is automatically reflected on the others of the 3D design data A*, B\ P related to the changed 3D design 
dala Thus, the phiralitycrf related 3D design data A\ ff. P can be easily changed at once. Therefore, how a partial 
change made in one of the 3D design data A\ B\ P displayed on the display device 1 1 has changed (automatically 
changed) the others of the 3D design data A\ B\ P can be easily confirmed by switching the 3D design data A 1 , B\ P 
displayed on the display device 11, and the contents of the designs of the 3D design data A', EP, P can be more 
efficiently changed and investigated. 

[0362] Since the plurality of related 3D design data A\ B\ P have the common data configuration, if any one of them 



and data actninistradon such as renewal of data (including corrections) and deletion can be easily performed. 
[0363] Further, since the plurality of 3D design data B\ P generated during the shape transitioning process of the 
3D design data A* are successively switched and displayed in the virtual 3D space via the display means in the order 
corresponding to the shape transitioning process, an operation of laying the wiring harness in the vehicle body can be 
inspected and demonstrated by means of the 3D design date A\ BT, P switchingly displayed in this order. 
[0364] Furthermore, since the main part of each 3D design data A', B\ P corresponding to the wire path is formed 
by connecting a plurality of wire segments 22 along the wire path, the length of a specific section of the main part or 
the wire path can be easily changed by Increasing or decreasing the number of the joints in this specific section or 
increasing or decreasing the length of the joints in this specific section, and a deformation characteristic and the like 
of reaJ wires can be realistically represented. 
[0365] Accordir^apturaJityof3Dd^ 

«»Wnd of 3D design data of the wiring harness in the vfartual 3D space are stored to 

formed into the database, am* any one of the ptural ity of 3D design data is selected and dteplayed in the virtual 3D 
space via the dsp6^ meens. Thus, the 3D 

other 3D design data. Therefore, the corrtents of the desic^ can be inspect while switching the 3D design data 
(jjspfe^ to the virtual 3D space, thereby making tr»wWrtg terrier 

[03661 Further, if any one of the plurality ci 3^ being related to each other is 

partV changed by an irtsmictic« 

design ttata is automatically reflected on the other 3D design date related to the changed 
piuraiity of related 3D 

3D design data displayed cm the display r^^ 

be easily confirmed by switching the 3D design date display on trie display 

erf the 3D design data can be more efficiently changed and investigated 

[0367] Further, since the pto^^ 

ispartVchangedbythedest^ 

and data affrrtirristratjon such as reriewal of date ftndi^ 

[0368] Moreover, the basic 3D design 

better productivfty and quality of the wiring harness at the production of the wiring harness and to verify, for example 
whether or not the assembling operation holds, and the 3D design data representing the layout in the vehicle body is 
suitably used to inspect the layout of the wiring harness in the vehicle body. Thus, the designing operation can be 
made even more effiriefrt by 
virtual 3D space between the bask: 3D design date 

[0369] Further, since the plurality of 3D design data gerterated during the shape transWoning pro 
design date are successively switched and displayed in trie virtuaJ 3D space via the disc^ 

spending to the shape transitioning process, an operation of laying the wiring harness in the vehicle body can be 
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inspected and demonstrated by the 3D design data switchingly displayed in this order. 

[0370] Still further, since the main part of each 3D design data corresponding to the wire path is formed by connecting 
a plurality of joints along the wire path, the length of a specific section of the main part or the wire path can be easily 
changed by increasing or decreasing the number of the joints in this specific section or increasing or decreasing the 
length of the joints in this specific section. 

[0371] With reference to FIGS. 65 to 76, according to the wiring harness designing method of this further preferred 
embodiment, the accessories (covering parts such as protectors and covering tubes, electrical connection means such 
as electrical connection boxes, eta) are or can be virtually mounted on the wiring harness in the virtual 3D space using 
the harness design data A* and the accessory data F of the one or more accessories, and the contents of the designs 
of the wiring harness and the accessories, the accessory mounting operation and the like can be investigated before 
the wiring harness is actually produced. 

[0372] First, as a preparatory step, the harness design data A", for example, as shown in FIG. 65 needs to be gen- 
erated as described above with reference to the preceding embodiments, in particular the embodiment described with 
reference to FIGS. 1 to 13 and 58 to 64, using the wiring harness designing system or method or the harness design 
data A- (similar to the previously described harness design data A or basic 3D design data A 1 ) generated in an other 
system needs to be transferred to the wiring harness designing system. The accessory data F (see FIG. 66) which are 
3D design data of the accessories to be mounted on the wiring harness needs to be generated using the wiring harness 
designing system or need to be transferred to the wiring harness designing system. Here, a virtual protector mounting 
process is described In FIG. 65, Identified by C1 to C5 are connector data which are 3D design data of the connectors 
[0373] FIG. 67 is a flow chart showing a process of virtually mounting a protector on a wiring harness. First, in Step 
S501 of FIG. 67, by inputting an Instruction to the computer main body 16 via the input device 14, the computer main 
body 16 is caused to display the harness design data A" set on the board design data D and an accessory data F1 of 
the protector in the virtual 3D space of the display device 11 as shown in FIG. 68, the connector data C3 is detached 
from an assisting jig dataES so as to move a section of the harness design data A" whteh hinders the mounting of the 
protector, and the connector data C3 is moved in a direction (leftward in RG. 68) away from a portion where the 
protector is to be mou nted. Here, the 3D deformation of the harness design data A" (which can be pref erab ly performed 
with a system or method as described wfth reference to the previous embodiment) and the movement of the accessory 
dataFI are marie, for example, by dragging by means of the mouse 13. 

[0374] In Step S502, an instruction is inputted via the input device 14 to move the accessory data F1 in a direction 
toward the harness design dale A* as shown by an arrow 31 in FIG. 68 and set it at a mount position on the harness 
design data A" as shown in FIG. 69. 

[0375] In Step S503, an instruction is inputted via the input device 14 to detach the connector data C3 C5 from 
assisting jig data E7, E8 as shown in FIG* 69. 
[0376] In Step SS04, an instruction^ 
apn*ec*c*mourtp<>rtiontf 

design data A* In a wire accommodating portion (here, a groove-like accommodating recess) of the accessory data 

F1 as shown in RGS. 70 and 71. At this time, the harness design data A* is accommodated such that a center line of 

the wir e overlaps a center fine 35 of the accessory data Ft as shown in FIG. 71. 

[03731 to^So^aninstructfanisi^^ 

as shown in FIG. 73, 

[Q3781 lnStepS606>an&isbiictfw 

and the like. This virtuaf taping is performed by generating tape roll data 39 (see FIG. 73) representing a 3D shape of 
a tape roB beforehanQ\ cfepJayfrigthetape roil data 39 In the virtual 3D space as shown in FIG. 73, tumingthe displayed 
tape rott data 39 arotindpcrt^ 
ente of the protector mou^ 

step (eo^ any cemtactwm* an obstacle while the tape roll is turned) is or can be investigated. As this virtual taping is 
ctone,ataping data 43 correspond 

portion of the harness design data A*, whereupon the virtual protector mounting process is completed. 
PW9J Such a virtual protector mounting process enables investigations on the contents of the designs of the wiring 
harness and the protector, the protector mounting operation and the like. If a portion of the harness design data A* to 
be au^mmodated In the accessory daia Ft of me protects Is fwind out to 

being fully accommodated therein as a result of the virtual mounting process, marking or the like may be made on this 
bulpjnp/out portion to be used when the contents of the designs are investigated again. 

[0380] Further, in this embodiment, a plurality of harness design data A* and accessory data F1 having different 
forms in the respective scenes of the mounting process of attaching the accessory data F1 to the harness design data 
A" as described above are stored scene by scene in the storage device 15, so that the harness design data A" and 
me accessory data Ft of each scene be outputted fw 

reproduction is made in response to an instruction inputted via the input device 14. The stored harness design data 
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A" and the accessory data F1 of the respective scenes are successively switched and displayed in the virtual 3D space 
in an order conforming to the process of attaching the accessory data F1 during the output for reproduction. 
[0381] The harness design data A" and the accessory data F1 of which scene are stored is decided by the designer 
by inputting an instruction via the input device 14. For example, the harness design data A" and the accessory data 
5 F1 of the scenes shown in FIGS. 68 to 73 are stored. A display switching timing during the output for reproduction of 
the harness design data A' and the accessory data F1 of the respective scenes can be set and changed by an instruction 
inputted via the input device 14. 

[0382] Further, in this embodiment, the computer main body 1 6 is caused to detect an interference of the accessory 
data F1 and the like with a pre-registered structure data (e.g. the assisting jig data E) which can be an obstacle to the 
10 attachment of the accessory data Ft and the like in the above virtual protector mounting process. Upon detecting such 
an interference, the computer main body 1 6 is caused to output a notification. The interference of which object present 
in the virtual 3D space is automatically detected can be set by an instruction inputted via the input device 14. Here, 
the interference of the accessory data F1 of the protector 33 as a preferred accessory and the assisting jig data E and 
the interference of the tape roll data 39 and the assisting jig data E are, for example, detected and notified by the 
computer main body 16. 

[0383] The notification made upon the detection of the interference is made, for example, by a display output via the 
display device 11 and/or a sound output via an unfltustreted loudspeaker. As a specific example of the display output, 
a method for changing a displaying state of the display device 11 upon an occurrence of an interference (e.g. at least 
some of the display colors on the screen are temporarily changed) or a method for displaying a message indicating 

20 an occurrence of the Interference can be considered. 

[0384] Further, in this ernbodimerrt, the computer main body 16 can set one or a plurality of constraint points fixed 
at position(s) on the harness design data A* in the virtual 3D space upon an instruction inputted thereto via the input 
device 14. For example, in the case of the harness design data A" of such a form to be laid in a vehicle body shown 
in FIG. 74, points (e.g. connectors CI to C5 and fixing portions realized by clamps) of the harness design data A" to 

25 be fixed to or connected with the vehicle body are set as constraint points. 

[0385] In the case that a section (e.g. section 51 in FIG. 74) of the harness design data A* is moved in the virtual 3D 
space such that a distance between this section (51) and a constraint point (e.g. connector C4) in the virtual 3D space 
becomes longer than the length of the wire along the wire path between the section (51) and the constraint point (C4) 
(e.g. moved in a direction indicated by an arrow 52 in RG. 74) in response to an instruction inputted to the computer 

ao main body 16 via the input device 14, the computer main body 1 6 is caused to create a lacking portion 53 in the wire 
path between the section (51) and the constraint point (C4) and preferably display an image representing the lacking 
portion 53 (here, the wire path corresponcfing to the lacking portion is displayed in phantom line) via the display device 
11 as shown in RG. 75, 7 
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P386) Further, in the case that the length of the wire path between the constraint points (eg. connector C1 and 
conn&ctor C4) of the harness design data A' in the vftual 3D space is so changed as to be shorter than a distance 
between these two constraint points in the virtual 3D space in response to an instruction inputted to the computer main 
body 16 via the irrput device 14>tte 
pathtetwee^ 

(03871 Atthoughthepfocesscrfvir^ 

harness designing method according to this embodiment 

accessory, to exarnplev connect In such 

a case, an accessory data F2 (see RG. 76) which is a 3D design data of an electrical connection box as a further 
preferred accessory needs to be generated arrt s^^ 



* * • r -— — - - »p u*«~w«wvcnj«»«««^M««7 1*^, Miopia^ ur5 accessory 

data F2 and the harness design data A* in the v&tuai3Dspace of the display device 11 and connect the accessory 
data F2 and the harness design data A" in response to an instruction inputted via the input device 14. 
[0388] Theabovea>rrnectionisrT^ 

the accessory data F2 at specify and 
successively moving the respective connector data (here, connector data C11 to C16) of the harness design data A" 
by dragging by means of the mouse 13 to be inserted irto correspond^ 
data F2. 

[0388] As described above, according to mis ernbodirne^ 

the wiring harness can be virtually simulated in the virtual 3D space using the harness design data A* of the wiring 
harness and the accessory data F of the accessories (covering parts such as protectors and covering tubes, electrical 
connection means such as electrical connection boxes, etc), and the simulation result can be immediately reflected 
on the contents of the design of the wiring harness and the like. As a result, the wiring harness designing operation 
and the like can be made more efficient 

[0390] Further, a plurality of harness design data A" and accessory data F having different forms in the respective 
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scenes of the process of attaching the accessory data F to the harness design data A" in the virtual 3D space are 
successively displayed on the display device 11 in the order conforming to the attaching process. Thus, an operation 
of mounting the accessories on the wiring harness can be inspected and demonstrated by the harness design data 
A" and the accessory data F switchingly displayed at the respective stages of the attaching process in this order. 
[0391 J Furthermore, If the accessory data F interferes with the structure data (such as the assisting jig data E) which 
becomes an obstacle when the accessory data F is attached to the harness design data A" in the virtual 3D space, 
such an interference is automatically detected and notified by the wiring harness designing system. Thus, the obstacles 
and the like that hinder the mounting of the accessories on the wiring harness can be easily found out by the simulation 
and can be dealt with in advance. 

[0392] Further, if a section of the harness design data A" is moved in the virtual 3D space such that the distance 
between this section and the constraint point of the harness design data A* in the virtual 3D space becomes longer 
than the length of the wire path between this section and the constraint point, the lacking portion representing an 
insufficient length of the wire path between that section and the constraint point is image-displayed as a notification 
Thus, the sections of the harness design data A" having insufficient lengths can be easily (automatically) confirmed or 
detected. 

[03931 Furthermore, if the length of the wire path between the constraint points of the harness design data A" in the 
virtual 3D space is so changed as to be shorter than the distance between the constraint points in the virtual 3D space 
the tacking portion representing an insufficient length of the wire path between these constraint points is image-dis- 
played as a notification. Thus, the sections of the harness design data A" having insufficient lengths can be easily 
confirmed. w 
[03941 Further, since a main part of the harness design data A" representing the wire path is formed by connecting 
a plurality of wire segments (joints) 22 along the wire path, the curved shape and the curving characteristic of the wires 
can be realistically represented. 

[03951 Acconfingry, the process of mounting the accessories on the wiring harness can be virtually simulated in the 

virtual 3D space of the computer using the harness design data of the wiring harness and the accessory data of the 

accessories, and the simulation result can be immediately reflected on the contents of the design of the wiring harness 

As a result, the operation of designing the wiring harness and the like can be made more efficient 

P39q Further, the process of mounting the covering parts on the wiring harness can be easily simulated in the 

computer. 

[03971 Moreover, the process of connecting the electrical connection means with the wiring harness can be easily 
simulated in the computer. 

[O390| Still further, a plurality of harness design data and accessory data having different forms which are created 

during me process of attaching the access 

dispteyed en the display devto 

accessories on the wiring harness can be inspect 

datasw^ 

[03991 Furthermore, ff the access 
««ssory data is attached to to 
ctetected and ratified 
on tt» wiring harness can be east^ 
jpWCj Moieo»er r if the sector 
between^ section and to 
totertgmcrftowire paw between 

ten^ of to wire pam between thai ^ 
sectkms erf to harness de^ 

[WOfl FurthemTCfe,»totertg^ poirrts of to h^ness design data in to 

virtual 3D space so changed as to b^ 

to lacking portion representing an insufficient length of to wire path between these constraint points is image-dis- 
playedasarartfficat^ having insufficient lengths can be easily con- 
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Claims 



1. A wiring harness designing method, comprising: 

a full-size design data generating step of dividing wires and other parts forming a wiring harness (2; Cmp) as 
a final product into a plurality of subassemblies (Sub1 , Sub2, ...) based on a full-size design information as- 
suming an arrangement of the wiring harness (2; Cmp) on a harness assembling table (216), generating a 
fulKsize design data including a subassembly information defining 3D shapes of the respective subassemblies 

(Subl, Sub2, „.) and of the components (all, a12, bit, b12, dl, c12 ; C1, C2, ...) thereof, and 

inputting the generated full-size design data in a computer system, and 



Sub2, ...) on a specified display (1 1 ) in such a state arranged on the harness assembling table (21 6) in a virtual 
3D space of the computer system based on the subassembly Information generated in the full-size design 
data generating step. 

2. A wiring harness designing method according to claim 1, wherein the 3D shapes of the respective subassemblies 
{Subt . Subfc, ...) am made arbitrarily movable in one specified direction on the harness assembling table (21 6). 

& A wiring harness designing method according to daim t or 2, wherein 

either a plurality of wires bundled in each subassernWy (Subt>Sub2, ...)iro 
the wires (all, a12, and other parts ft>tt, M2, ctt, c12,. CI, C2, „.) of the same subassembly (Sub1 
Sub2 r are Displayed in the same display colorin the 3D shape Displaying ste^ 

or a plurality of wires (all, a12, ...) bundled in each subassembly (Subt,Sub2. .„) are conectjvery displayed 
as art aggregate of the wires in the 3D shape olsplaying step; 

or in an irafivtoial display mode a plurality of wires (a11, at2„ ...) bundled In each subassembly (Subl 
Sub2, .-) are individually Displayed and ail the wires (atl „ a12. and other parts (bit, M2, ..4 clt , et2,. _ CI 
C2; ...) of the same siJbassemWy (Subt, Su^ 

Display mode a pluraiay of wires (at1„ a12, bunded in each subassembly (Subt, Sufafc, are collectively 
displayed as an aggregate of the wires (a11 , at2, .^aremade selective using a specified selection menu in the 
3D shape displaying step. 

4. A wiring harness designing method according to one or more of the preceding claims, wherein: 

an on-the-board assembling procedure information defining a procedure of assembling the plurality of sub- 
assemblies (Subl , Sub2, ...) on the harness assembling table (216) is inputted between the full-size design 
data generating step and me 3D shape displaying step. 

5. A wiring harness designing method according to claim 4, wherein an operation of assembling the plurality of sub- 
assembBes (Subl . Suh2, ..) is represented and displayed by moving images on an image of the harness assem- 
bling table (216) having a virtual 3D shape in accordance with the procedure defined by the orMhe-board assem- 
bling information in the 3D shape displaying step. 
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6. A wiring harness designing method according to claim 5, wherein: 

an operation of assembling the respective wires (a11, a12, ...) and the other parts (b11, b1 2, ell, c12„ 
C1 , C2, ...) is represented and displayed by moving images in accordance with the procedures defined by the 
subassembly assembling information in the 3D shape displaying step. 

7. A wiring harness designing method for designing a wiring harness (3), in particular according to one or more of 
the preceding claims, by displaying a harness design data (A") which represents a 3D design data of the wiring 
harness (3) in a virtual 3D space displayed on a display means (11), comprising the steps of: ♦ 

preparing the harness design data (A"), 

preparing an accessory data (F) which is a 3D design data of one or more accessories (33) to be mounted on 
the wiring harness (3), and 

causing a computer (16) to display the harness design data (A") and the accessory data (F) in the virtual 3D 
space displayed on the display means (11) in response to an instruction inputted to the computer (16) via an 
input means (14), and attaching or combining the accessory data (F) to or with the harness design data (A") 
by changing a positional relationship of at least these data in the virtual 3D space. 

a A wiring harness designing method according to daim 7, wherein: 



the accessory data (F) includes a covering part data (F1 ) which is a 3D data of one or more covering parts 
(33) to be mounted on the wiring harness (3), and 

in the step of attaching or combining the accessory data (F) to or with the harness design data (A"), the com- 
puter (16) is caused, in response to an instruction is inputted thereto via the input means (14), to change a 
positional relationship between the harness design data (A") and the covering part data (F1) in the virtual 3D 
space and to change the shape of a wire path (FIG. 71) of at least a section of the harness design data (A"), 
thereby attaching or combining the covering part data (F1 ) to or with the harness design data (A - ). 

9. A wiring harness designing method according to daim 7 or 8, wherein: 

the accessory data (F> includes an electrical connection means data (F2) which is a 3D data of one or more 
electrical connection means to be connected with the wiring harness (3), and 
in the step of attaching or corrtWrdng the accessory data (F) to or w^ 

puter (16) is caused, in response to an instruction inputted thereto via the input means (14), to change a 
pcsfflor^reiatfonsr^be 

in the virtual 3D space and to cr«nge the shape of a wire path (RG. 76) 

design data (A"), thereby attaching or combining the electrical connection means data (F2) to or with the 
rtamess design data (Ajl 

10. A wiring harness designing method according to one or more of the preceding claims 7 to 9, wherein: 

a phiraiity of ramess design date 
a process of attacrrfrtgorcornbirdr^ 

in the computer in the step of attaching the accessory data (F) to the harness design data (A"), and 
the wiring harness designing method further comprises the step of causing the computer (1 6) to successively 
display the plurality of harness design data (A") and accessory data (F) stored in the computer (16) via the 
display means (11) in an order conforming to the attaching process. 

11. A wiring harness designing method according to one or more of the preceding daims 7 to 1 0, wherein, in the step 
of attaching or combining the accessory data (F) to or with the harness design data (A"), the computer (16) is 
caused to detect an interference of the accessory data (F) with a structure data (E) reojstered beforehand as such 
trtat can bean cfcstactetoto 

upon detecting such an interference. 

12. A wiring harness designing method according to one or more of the preceding daims 7 to 11 , wherein: 

a plurality of constraint points (C4) fixed at positions in the virtual 3D space can be set in the harness design 
data (A*) design data by inputting an instruction to the computer (1 6) via the input means (14), and 
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If a section of the harness design data (A") is moved in the virtual 3D space in response to an instruction 
inputted to the computer (1 6) via the input means (1 4) such that a distance between the section of the harness 
design data (A") and the constraint point <C4) in the virtual 3D space becomes longer than a length of a wire 
path between this section and the constraint point, the computer (1 6) preferably is caused to create (FIG. 75) 
a lacking portion (53) In the wire path between the section of the harness design data (A") and the constraint 
point (C4) and to image-display the lacking portion (53) via the display means (11). 

13. A wiring harness designing method according to one or more of the preceding claims 7 to 12, wherein: 

a plurality of constraint points (C4) fixed at positions in the virtual 3D space can be set in the harness design 
data (A") design data by Inputting an Instruction to the computer (1 6) via the input means (1 4), and 
if the length of a wire path between the constraint points (C4) of the harness design data (A") is so changed 
as to be shorter than a distance between the constraint points in the virtual 3D space in response to an in- 
struction inputted to the computer (1 6) via the input means (1 4), the computer (1 6) is caused to create a lacking 
portion (53) in the wire path between the constraint points (C4) and to image-display the lacking portion (53) 
via the display means (11). 1 ' 

14. A computer-readable storage medium storing thereon a computer program, which comprises computer-readable 
program means for causing a computer to control an execution of a wiring harness designing method accordinq 
to one or more of the preceding daims. 

15. A computer program product comprising a computer readable medium, having thereon computer program code 
means, when said program is loaded, to make the computer execute a 3D virtual assembling method accordinq 
to one or more of the preceding davnsl tola 

16. A wiring harness designing system, comprising a computer (16) which: 



generates a full^ize design data, wherein the computer(16) divides wires and other parts forming a wiring 
harness (2; Cmp) as a final product Into a plurality of subassemblies (Sub1 , Sub2, ...) based on a full-size 
design information assuming an arrangement of the wiring harness (2; Cmp) on a harness assembling table 
(216), generates a fulk&e design data including a subassembly information defining 3D shapes of the re- 
spective subassemblies (Subt, Sub2, ~.)andof the components (alt, a12, b11, b12, c11 c12 • C1 
C2,_.) thereof , and 1 

displays a 3D shape, wherein the computer (16) combines and displays the 3D shapes of the plurality of 
subassembly^ 

table £t6> in a virtua* 3D space of the computer system based on tosubassem^ 
connection with the ftiiktfze design data generation. 

17. A wiring harness designing syst^ 

playing a harness design data (A") which represents a 3D design data of the wiring n^^ 
space displayed on a display means (tl) of a computer (16), wherein 

me harness design data (Al arid an a^ 
design data of one or more accessories (33) to be mounted on the wiring harness (3X 

wherein the computer (16) displays the rarness ctesign data (A^ 
3Dspace on the display means (ft) En responseto an instnic^ 

(14), and attaches or combines the accessory data (F) to or with the harness design data (A") by chanqinq a 
positional relations** of at (east these date In trie virtual 3D space. ~ 

ia A wiring harness designing system according to darn 17, wherein; 

the accessory data (F) includes a covering part data (F1) which is a 3D data of one or more covering parte 
(33) to be mounted on the wiring harness (3), and 

wherein the computer (16) is caused, in response to an instruction is inputted thereto via the input means 
(14), when attaching or combining the accessory data (F) to or with the harness design data (A") to change a 
positional relationship between the harness design data (A") and the covering part data ( Ft ) in the virtual 3D space 
and to change the shape of a wire path (FIG. 71 ) of at least a section of the harness design data (A") thereby 
attaching or combining the covering part data (F1 ) to or with the harness design data (A"), and/or 
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wherein the accessory data (F) includes an eiectricai connection means data (F2) which is a 3D data of one 
or more electrical connection means to be connected with the wiring harness (3), and 

wherein the computer (1 6) is caused, in response to an instruction inputted thereto via the input means (14), 
when attaching or combining the accessory data <F) to or with the harness design data (A") to change a positional 
relationship between the harness design data (A") and the electrical connection means data (F2) in the virtual 3D 
space and to change the shape of a wire path (FIG. 76) of at least a section of the harness design data (A"), 
thereby attaching or combining the electrical connection means data (F2) to or with the harness design data (A"). 
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